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GENERAL INTRODUCTION TO TUB S15RIES 


During the past few years the civilised world. has begun to realise the 
advantage* accruing to scientific research, with the result flint an cver- 
^creasing amount of time and thought is Ibeiiig devoted to variouR 
branches of scicnc^ 

No study harpfQ^cssed tnore rapidly imm ^icmisiry. This 
science may be di^’ided roughly^into several branehes : nanielv. Organic, 
rhysical, Inorganic, and Analytical Chemistry. It is impossible to 
^^te any single text-book which shall contain within its two covers a 
trough treatment of any dne of these branches, owing to the vast 
amoiuit of information that has been accumulated. The need m rather 
for a ^rics of text-book^ dealing more or less comprehensively with 
each branch of chemis^y. This has already been attenmted by 
enterprising firms, so far as physical and analytical chemistry are 
concerned ; and the present series is designed to nteef the -ttccds of 
inorganic chemists. One great advantage o^4his prot^^dure lies, in 
the fact that our knowledge of %hc different sections of science docs not 
progress at the same rate. .Conse(]U(‘ntly, ^ soon as any particular 
jmrt advances out of proportion to otKers, the volume dealing with 
tna^^tion may be easily revisca or rewritten as occasion requires. 

SBme method of classifying the elements, for treatment in this way 
is cj^earl)% essential, and we have adopted the. Periodic Classification 
with slight alterations, devoting a whole volume to the consideratiotin 
of the elcmgits .in each vertical colum%, as will be evident ft>om a ^ance 
at the scheme in the Frontispiece. t 

In^e first volume, in addition to a tletailcd* account of the EIement$^v 
^Group 0, the general princfjiles of Inorgan* Chemistry are - 
Particular paing have bten taken in the selection of material for tlys 
▼oluine, and an attempt has been made to present to tfte reader 
dear account of the principles* upon which our knowledge of modem 
Inorganic Chemistry frbased. 

At the outset it may bc^^Mil^e explain that it was not intcn4^ 
to wrife a complete tej^t-boo.k%f Ph Jsical Chemistry. Numerowfe 
excellent^ works have ali^pady been devoted to this suyect,. and 
ypiMfiie on such liheS would scarcely Hcrve a^a suitable introduetio»' 
to this series. « Whilst Physical Chemistry deals vrith the £(bner^; 
pn^ct{||es applied to afi branches of theoretical chemistry, oyr aitn- 
%a|i b^n to emphasise their application to Jnorganic Clienpisti^, i^thl 
'Which brai^ of the sub.ifctj:his series qf^xt-books is exclUvef^^ 
eoQ^rned. To this end practicafly all the illustrations to the 
ah|4:prmffiples Ascussed in Volume I deal with inorganic substoncoj. 4 
, therefere ^ny subjects, such as the methods enmioyc<jl lM 
..ftC'detertpination tif atomic we%h^<*» whieWare notgfen^rftfwl 
I sit fomiing part of JUiysical Chenaist^y. fei ti^^ 

_yjj ^ .. 




jects^L supreme in^rtance id •me student pf Ihorga1liV'v>^iiiu»try 
and are aceordij^ly included in ttc Introduction J 

Hydrogen and thf animonii||n salte are dealf withfc \^lume II, 
alQitg with the Elements of Group 1. Th^js^ition oWX]\e fare earth 
metals in the Periodic Classification h^ for many yesffs bced a spurn 
of dSUcuIty. Tliejihave all been incaWea in Volume IV, ^ 

the Elemenbi of Group III, ^ this wa^found tqj^e tjiie most sujjtabl^ 
place for tli«ni. ^ 

Many allojs bnd compounds ha^e an equal claim to be considered 
in two or* more volumcs'of this scries, but this w#uld entail unnecessary 
duplication. For example, alloys of copper and tin might be deAt 
with in Volupies II and V respectively. Sinfilarly, certain double 
salts — such, for example, ms ferrous ammonium sulphate-r-might very 
logically be ii^udcd in Volume II under ammoniuin, and in Volume IX 
under iron, it^a gt'ueral rule this difficulty haJ^een overcome by 
treating eomple^substanc(‘s, containing two or more metals or bases, 
in that volume dealing with the metal or base which belongs to the 
highest group of the Periodic Table. For example, the alloys of copper 
and tin arc detailed in Volume V along ».vith tin, since copper occurs 
earlier,gnamely, in Volume II. Similarly, ferrous ammonium sulplmc 
is discussed in Volume IX under iron, and not under ammonium in 
yplume Jl, The ferro-cyanides are like wise *dealt with in Voliiftie IX. 

Bfit even ;vith this arrangement It has luh. always been found easy 
to adopt a ptrfc^ctly logical line of treatment. For example, in the 
chromates and perrnaaginates the chromium and manganese function 
as part of tlA acid radicles and arc analogous to sulphur and chlorine 
in sulphates and perchloratl*s ; so that they should be treated in the 
volume dealing with thc*metAl acting as base, namely, in the case of 
potassium permanganate, under pcAassium in Volmnc II. Dut,<^455f' 
alkali permanganates possess such close analogies with one aij^ther 
that separate Treatment of these salts hardly seems desirabje. They 
are therefore considcftil in Volume VIII. • 

^ Numcroijs other little irrcguly’ities of a like nature occur, but it is 
hoped that, by means offCarefully compiled indexes and frt^uent cross- 
referencing in the textt of tlur separate voluiivs, thecstudeiW: will 
,experi«i»ie*no difficulty finding the inff^rmation he requires. * 

Particular *carc has been taken with the ^*ctions dealing with the 
atomic weighty of the elements in question. The figurds given are ifoj 
necessarily those to be found in the original memoirs, but have been 
recalculated, except •where otherwise stated, using the following 
fimdamental values i ^ . 

Hydrogen = *1 -50762. ^ Oxggen = 16-000. 

Sodiym = 22-990. Sulpliur == 82-065. 

Potassium =^39*100. Fluorine^ == 19-015. 

Silver • = 107-880. Chlorine = .35-457. 

Carbon = 12-003. Bronjine = 79-916. 

Nitrogen = 14-008. Iodine = 126-920. 

My adopting this methi^ ft is easy to •om^are directly the r&ults of 
earlier investigators with those of mojre recent date, And m^eoV%r it 
renders the dataller the different elements strictljljicom^rable through- 
out thc«*whole ser^. 

Our«um has ]|^ot been fb make the volumes absolutely ^StbausUve. 



1$ tU$»wo^(r;;ender them imhecesl^ly bulky ana expensive; •4itM3p| 
fias it been tc^ntrikute <u>iicisc anwuggestive accounts of the 
tpjjics, aad tl api^ld nuniero|is reduces to fee leading work^aud 
]i)^oirsJdealii^ with Every effort has been made to render 

these. References accurate and ^iablcj and it is hoped that thejg Ivlll 
prove a u^ful feature of the sejj^. The more imjxJrtant ^breviations, 
which are subi^ntluily the same as thdse |dopted by The Cheniidal 
Society, are detailed in the subjoined list. 

In order that the series shall attain the maximum utility, it iif 
r^ess^ry to arrange fcr a eertain amount of uniformity 1;h*roughout, 
and this involves the^ suppression of the personality the individual 
author to^ corresponding extent for the sake of the cotninon welfare. 
It is at once my duty and my pleasure to 'express my sincere appre- 
ciation of the kin^^nd ready manner in which* the aj,)Wiors have ac- 
commodated themselves to this task, which, witlj^ut their hearty 
co-operation, could never have been successful. Finally, I wish to 
acknowledge the unfailing courtesy of the publishers, Messrs. Charles 
Griflin and Co., wlio have done everything in their power to i-ender the 
<v^rk straightforward and cas'y. 

J. NEWTON FMEND 


October 1919 



PREFACE TO THE SECONl\EDlTIOJ!« 

As the First Edition of this volume hus been exhausted so quiekly, 
it has not been (considered necessary to introduce any extensive altera* 
tions. A few obvious misprints to whicch our attention has been calfeA 
[kvvc bfen corrected, and very valuable notes on the detection and 
icsjinmtio^ of the platinum metals arc intrtduced, for which thanks 
are due to Mr G. Sims. A summary of tne Dates of Issue of the 
more inf[wrta?it •Journals referred to in the text has been add(‘d 
(pp. xviii xxt) ; and {T^lmrt appendi;^ is given dealing with recently 
discovcrc'd oeeurr(‘nees of c*balt and nickel. In conclusion, we take 
this op])ortunity of thanf ing -our Readers for the generous reception 
afforded to the First Edition. * 

J. NEWTON FUIELD 

December 1921 



PREFACE TO THE FIRST ERTTION 

iH the preparation qf Volume IX it has been* found desirable to depart 
somewhal; from the plan adopted in the other volumts of this Series. 
Thus, the study of iron is relegated to Patt II, whereas, if the lof^ical 
sequence had been^iaintained, the metal would bave rqia^ived treatment 
before cobalt arm nickel. Owiiif? to the importannft of iron, and the 
enormous amount of research that has been carried out in connection 
with its properties and those of its compounds, it was felt that the sub- 
ject dcscr^Td a separate book, and Part II of this volume has accordingly 
i)ecn assigned to it. • 

Again, the })latinum metals arc so closely similar in nuiuf of their 
properties that it was d^uded to treat of their detection and estimation 
all togt‘thcr in Chapter^, rather than to deal with each sef)arjgitcly at 
the end of the clia[)ters dealing with tlicir compounds, as has been done 
with cobalt and nickeb and, indeed, with the elcmerttshi them*cnmining * 
volumes. 

The state of our knowlcdg? of the chcinistry of the platinum metals, 
although greatly improved during the last t^venty years, is still fur from 
^itisfuctory. 'J'his, no doubt, is^ue to*a variety of reasons, such os the 
nl^y of the metals, their consequently high cost, and their similarity to 
on?anothcr, which renders tlicir preparation in a s^^tc of purity an 
cxtrcm#ly arduous task. This latter feature i^ .well exemplified by the 
ef/orts of Matthey to prepare pure iridium. Ilis work is described ip 
fair detaiLon pp! 235-23(5 of the lext. Even after a Hiost elaborate 
treatmentthe metal still contained traces of Ruthenium and rhodium. 

ft consequence* of this difficulty^ there can be no doubt that the 
early investigators frequenfly worked with a very ii^ufc liTStal, and 
ihis may in some m«isure account for discrepancies and apparent 
contradictions in their results. * ^ 

Again, iinjicrf'cct g^ethods*of analysis frequently led the investigator 
of last century astray, so that he was led to p^tulate the distance of 
many compounds, some of^ich have since been proved to be q^ixtures. 
Thus* for example, Clfi^s, in iwfJ, obierved that when ruthenium is 
heated to a high temperature in air a bluish black mass oj^qxide is formed, 
^ewresponding in Chemical composition to^he formula BuiOa*. 
cordingly, the^xistence of this compound was accepl^d as prov^ until 
190^ when Gutbier sljowed that the product is probably a mixture of 
ruthenium and its di-oxide, RuO|. No dqubt many oth^r s^stancci^ 
supp<Medl^compounds, are really mixture/.> In cases where r«et^bnable 
dqpbt Mists, tfie present author has given indications in the text for th^ 
guidanlfe of tM; reader. - . . < 

Attention fmajJ in this connection, be called td*the d^ij^abili^ of 
’'gg pur knowledge of the chcmistrjr^if the plat^ummetaCls. Only 
chemists, and# those mostly German/ have att^ked 
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stibjpclkist the field may l)e said*^ »e tb a lai^e aegreemncx]|Ioled.^ 
The story of the iticcess attendin^hese chemists in th^very limited 
hummer of researches tindertaken^ readf^ almost lile a limattce, and 
shortlS stimulate British workers seeking prorm^Rg field^or research.. 

* Tluis, for example, prior to 1918 no^efiijite fluoride of osmium ;haa 
been isolated, althou^fh it was known thJk combination could tftki^plabc 
between fluori^Te and osmiuip. ^n that yeOT, howeveif Ilulf and Tschirch, 
in a fascinathis^ nY‘moir, described the preparation and isolation of a 
dbmplete scries of fliioridfs, namely, OsFa, OsF,, and OsFi. Evidence 
was also obtained ^liat the tctralluoridc ^ould Tombine with alkal^ 
fluorides to form fluorosmatcs, of general formul|^ M|()sF«, analogous 
to the better kiw>wn ehlorosmatcs and chlorplatinatcs. • 

As an example of anothd* kind of research may be mentioned that of 
Levy, who haa .demonstrated that certain hydraS^ platinocyanides 
can exist in two Inodifieations, having the same cr^alline form and 
chemical composition, but exhibiting a remarkable difference in their 
optical pro])ertics. 

In view of the foregoing it seems certain that discoveries of the highest 
interest are awaiting the diligent rcsearclf student in this jiarticmla^ 
field. ■ € 

For the research student fuller details ara neecssaiy than can be 
given ig a<:ext-book of this kind. This diiricu^y is to some degree met 
by copious refcTcnces to original literature, so that a student wlio has 
access to ti suititbl^ library may accpiire the information he needs wil h 
the maximum Rapidity. •Hn this connection it may bo mentioned that 
in almost every ease the orj^nnal memflir has been consulted in the 
Library of the Chemical .Sj^eictv by the present author, and although 
it is too much to hope that the* refcromccs arc entirely free from error, 
it is believed that any such errors willnc few and of minor importai*^ 

In preparing^ work of this kind it is a great advantage for an aiAhor 
to receive constructiviJ# criticism and advice from his fricikls. My 
sincerest thanks are due to Dr. Caven and to Mr. Little, wlio ha^'e care- 
fully road through the whole of th^work in proof, and made .numerous 
alterations, additions, amf suggestions. In addition to this*, ’Mr. Little 
very kindly wrote the sections (fn the atomic weights of* the pj^'tals. 
Througft^id kindness of' Mr. Clifford, the^ courteous Librarian of th#' 
Cl^'mical Society, it has been possible for me W) gain access to many 
early memoiir. i% a manner that would otherwise have been quite out 
of the question. My thanks arc due alscf to Messrs. AV. U. Barclay, A. 
Banks, A. V, Ehft’idgc^ B.Se., and to many other gentlemen for kind 
assistance in one way or another. 

J. Nf F. 

October 1919 
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A. TEXT BOOK QF. 

Inorganic CHRMrsiRY 

■ - ' . • 

VOL. IX. PART I 

COBALT, NI( KEL, AND THE ELEMENTS OF 
THE PLATINUM GROUP 


• CHAP'rEU I 

GENERAL CHARACTERISTICS OF THE ELEMENTS 
OF GROUP Vffl 

As Ion" a"o as the of the altt'nlion of 

•eueiiiists liad Ik’cmi drawn to tlu* fact that T'iirtain triads of (dements 
i^ist whieli exliibit not only a close similarity in tlu'ir chemical and 
^piTysical pro|)i'rtics, but also an infcrcstin^r ie);rul}irity in their atomic 
weights. 1 For several years, however, the subject was allowed to 
drop into aiH'yanee until Dumas, in 1851, a"ain broujjht ft to the fore,® 
and boittjie and other chemists rapidly added to (lie list of rcjruluritics. 
At first it hoped that all the clemAds mi^ht ultimateljbl>e j^rouped 
^into triads, ftnd that in this way a complete system of classifying the 
elemcnfTt^migh? be ev(j^vcd, inasmuch as. the Periodic Classification had 
%;)t as yet been introduced. ^4’hese hopes wi*'«, howevcFy^loonujil to 
failure, and a severe blow^was struck at the utility of thc^iads when 
iCj^Ke® showed tJiat some ot them actually broke into ngtyral groups 
»of clenK^nts. The halogens are a ease in point, for chlorine, bromine, 
and iodine arc but three out of four (dosely simihir el(^ncnts,«and no 
system of classilieation tliat deals wiyi these to the exclusion of fluprinc 
can be i;pgarded as satisfactory. A simihir •objection applies to the 
triad of alkali metals, naively, lithium, sodium, and jxitussium, for 
whiUit U is*ruc that tli^y resemble each other ^^|ry closely, iftenjarkable 
analogy likewise exists lietwecn them and rubidium a^d ca}sium,wihe 
nve clepients thui^ constituting a natural pcntadic group. 

As Already stated, the* majority of the triads exhibit an interesting 
relationslyp b^ween the numerical values of fheir atomic v^ights, the 
mean of thj^ first 'and third* bcfhg almost identical witii the middle 

1 ‘ ^36; Pogg. Annalen*\%29, IS, 301. Sc© 

©uo (moerf s Annahjiy 1816, 56 , 332, which uf^ntains a report by Wun^r on Dtobemner. 

Reports, ; CornpLr^m,, 1857, 4S. 700 ; 1858, fs, 951 ; 

- * J. P, C^ke, Jrper, f, Sci,, 185*^'^, 387. 

; 1 ^ 



2 COBALT, NI^EL, AND EyCMENTS OF PLATINUl^^qP 

valuA !> the case of tli* ^lalogen and alkali triads rei^rectivgjy 

the iiffiires nrc ffivcik in the ncc^nipanying tabic : 

i * • r 


t * Elomont. ^ 

% 

Atomic wei^t. 

* t i _ 

^-r-- - ■ 

Difference. 

C O 

Mean of extreme , 
fl^omieVeights. ^ 



r 


i.itjiium • . 

CyOi ^ 

10-00 


Sodiiitife^j^ 

2300 


23 02 

Polassiunr 

39-10 

10-10 

O 

Chlorine . . , 

35-40 

44-10 


llrornine 

7992 


8119 

Iodine . 

120-92 

47-00 



Thivc sols of triads exist, however, wliieli do not (‘xliibil this rela- 
tionshi]); indeed their atomic weij'hts closely a})])roximatc to pne 
another. Furthermore, by arraii^ini; these elements in the forn> jf . 
tria(ts no natural ^n-oups arc broken into, fjinee the triads appear to be 
^‘omplt^c and seir-containcd. They arc as follow : 

1. Iron *c 55 8 1 2. lluthcnium 101-7 8. Osmium 190-9 

Cobalt 5(S-97 ^ Ithodium 102-9 Iridium 190-1 

Nicker 58-08 '‘v PaU-ulium' lOG-7 Platinum 195-2 

I 

Not only do the elements in each of the above triadic ^u’oups exhibit 
a more or less reirular gradation in tlieir ])roperlies, but a certain amoihu 
of similarity is found to exist between a member of any one triad and 
the correspohding inembers of the other triads. Thus, lor example, 
iron, ruthenium, ahd osmium have several interesting peculiarities in 
common ; r o have cobalt, rhodium, and iridium, as we>'. as nickel, 
palladium, and platinu n. 

Such relationships between three sets of Iripds are anKpiei and no 
systematic classirieatiQ'\ of the element)' can afford to ignore them. ^ 
After the enunciation of the Law of Octaves by Newlands in 1804, 
and the ryaUsation by chemists tlnit a convenient method of groi'ipifig .> 
the elements could indeed be obtained by arranging them in the order 
of inerctasing jktonv'' weights, the nine elements mentioned above were 
given a unique position in a group by themselves, namely, in the eighth 
vertical column of the Periodic Table (see Front ispiece). The remarkable 
feature of this grouping lies in the fact that whilst in every other vortical 
eo^umn^ sa'vc that apportioned to the Rare F/irth Metals> onlvoone 
single clement; occupies the position in each horizontal scries,^ in the 
eighth group tliosc jx)sitions arc occupied by triads. It will be ojjserved 
■that ‘those triads occupy intermediate positions between the even and 
Olid Series of the First, Second, and Fourth Long Periods respectively. 
For this reason they are termed tlic transitional elemcnti^, and, as will 
be seen later, yieir chemical properties justify theii- positron as inter- 
mediaries bet>\cen the metals of the even and odd sei ics of the seventh 
and fu'st groups respectively. 

' Excluding most oC iho radio-^^ments dirivod from thorium aud* ^nium. 


CJ1AHAOT15RISXIUB OF THE ELEMENTS OF fBOUP YIU a 

The Atomic Weights of the Ebmente of proi^ VID 

It will be observed #?)baft is placed between iron and nickc^ 
^in tlfb Perictlic Table fi‘^ured on the Frontispiece, althou^di its atomic 
^weight fSS'OJ) is greater than thXt of nickel (5S 0S^ 'I'liis is one*o# 
the anomalies oj the scheme, which awaits soluli^i. Nickel 
resembles palladium an^^platinuni jar more closi^y than it does rhodium 
and iridium, whilst the reverse is true for col)alt. lienee it may b(f 
inferred that, des])ite tlfb irrcifularity in the atomic* wcanjldi^the true 
^K)Stion of nickel is at the end of the triadic grouj), a!^rfnarT)f cobalt 
is the centrf?. This receives strong su])})ori from the tj(ict that by 
placing cobalt between iron and nickel a inore^n*adual variation in the 
properties of the thnf elements becomes obst‘r\ a])le. This will be 
made abundantly evident in the sequel. In 1S7() a similar diliieulty 
confronted chemists in connection with osmium, iriflinm, and ])latinum, 
which were believed to ha\ e the following atomic weiglds : 


Osmium . . , , . ]98*6 

Iridium 10(r7 

Platinum 1 i)G-7 


According to this their positions in (iroup V'JII should be rcfv'crjed^ 
platinum appearing in the same vertical line as iron amk ruthenium, 
osmium being relegated to the end of the triadic groujf, n?un(*l\>undcr 
nickel and palladium. Such an «UTang<'ment, b'>"c\ er. istopposed to 
the general properties of these ('hauenf?5f*7?^>!puuu resembling nickel 
and palladium more closely than it does iron aitl rulhenium, the reverse 
JMtTig true for osmium. SubseipienWrescafeh has shown, however, that 
the atomic weights assigned the eleimnts in (past ion in 1870 were 
incorrect. The values recopiised by the International Ajomic Weight 
Committee Tor 1021 arc as follow ; 

TOMium ... ... 

^^Iruliiijn ► . 19.3.1 

JPlatinum . • . . . • . : .10.5-2 

This brings the three ehanents into complete harmony willfThc general 
s^licTne. It is always possible that furl her research imj^vjiilti mutely 
prove, in a similar nraiuier, lliat nickel and cobalt are not n .'d, but only 
apparent, cxcej)tions to the P< riodic Law. It must.be .^dinillQd, how- 
ever, that this is very unlikely, sineejl necessitates either very consider- 
able errors in the modern determinations ?)f.their atomic weighfs, or 
the assumption that one or both of these elements is in reality complex. 

Thg nwst recent views* on the Periodic ^lassijieatioii*f>ui^est »aii 
entirely different method of removing the anomaly, iifynely, thak jhe 
atomic, weight is* not the correct ])roperty t(» use in arranging the 
elements ; rather should one be chosen which increases by a corfstant 
amount yi patising from one (lenient to tin* mxl. Physft’al Ibeory 
indicates th^ositive nuelear\*liafg(‘ of the atom to be one siieli property, 
wliilst expcnmentfdly it is hjpnd that tin- X-ray sjnclja afford such a 
property, and eliminaf? the nick(5-cobalt anoinaK'.^ ' 

* 8ec Vojji I, 3rd cd., j)p.^7-8. 



COBALT, m^EL. AND EJ^EMENTB OF PLATDfVM, 

General Properties ht the Metals of Group VOD 

The ^'cneral physical properlics of thV' rpotals are j^iven in tabulai 
foym on the faein.i f)a‘rc, and a stroj)<]f family likeness nit^y be tfaced 
ftiroiighout the wl«)le ^roup. Thus in jrencral appearanec tJiey dre silver 
white, remvinin^' bri^dit inSlry air. In their behavi^nr towards moist 
air one ruet.il, namely, iron, is uniqve. It rci^iily -corrodes, yielding a 
brown ])ul\'eru>ent mass of hydrated oxide known familiarly as rust. 
The othttata^jetals t iilfrr simply tarnish Or rerrfain entirely unaffected. 

When in a^sThte of fine division several of the metals exhibit powcft’ul 
catalysing |v;oi)ertics. For example, platinurti black intiodueed into 
hydrogen and oxygen mixed in the proportmns necessary to form 
water, causes the two gases to unite with a n)ud ex])losion ; whilst 
nickel is us('(l eommereially in a finely divided condition for effecting 
the hardening or hydrogenation of imsaturated oils, such as linseed 
and cotton-seed oils. 

The temperatures at which the metals begin to volatilise in vacuo 
to a dcteetai)le extent arc of the same Oi’der. The following data hfive 
been^ given ^ ^ 

Cobalt • . 040° C. Nit-kcl . . 750° C. 

, Irfdiurn . . 000° C. Palladium . 735° C. 

Iron . . 755° C. 

The mcjals melt ayd boil at very high temperatures, the melting* 
points ranging from 15LH)°,m;.-e4pwards, and the boiling-points lying in 
the neighbourhood of ‘ili.Ki° C. For this reason several of them, sueh» 
as platinum and its alloys, jridio-platinum, etc., are cmi)!oyed in the 
manu fact lire of erueiblcs and scientific ajqiaratus destined for use*tn. 
high temjicraturi's. Iron and nickel are used commercially in the 
construction of machinery and mechanical aj)plianccs liable ,to exposure 
to extremes of heaV. * 

The nuifals arc further chiiracteriscd by their powc^^of forming 
complex radicles with q^thcr elements or groups. \Vcll-kn(^^vn examples 
arc the ferro-cyanidcs,* osmo-eyanides, jiallado-ijyanidcs^’ etc., hi which 
the pietalf^combined vith the eyanogep grouj), yield comple>v negatiw 
radicles witii ])roperti(‘s entirely different from those characteristic of 
the ordina 4 ;yemctallic salts. Most of the metals yield remarkable .Scries 
of complex ammino derivatives, of twhich the best known are tJie, 
cobaltjunminc!^ anct platinammines. 

Into a somewhat similar category must be jilaced the double halo- 
goniScs such as chlor-rubhchiates and chlor-])latinatcs ; doubi[p nitrites 
like those of cobalt, rhodium, and osmiunf ; and the double oxides, ns 
Cx«inpiyiciW>y the ferries, osnuites, and rhthenates. i t , 

,in interesting series of salts is afforded by the alums of tAvalent 
iron, cobalt, rhodium, and iridium. These have the" general formula 

* M2S04.II.,(S04)3.24IIA 

are isomorphous, and establish a link between the jforc'goin^ elementa 
and aluminium, chromium, and manganese. ^ \ 

Despite theSe and other analogies 1/tdweeRi the nine elements of 
Grou{^ VIII, itis not ditticult to obscrv e that the six elements of gr^tesfc . 

^ ' Ij^nockc, Ber., 1909. 42, 200. \Knocko giv<L 540° 0. for platidair, hat EppfSh^ 

vPAd.^i/ap., 1913, 2$, 270) showed thf metal d^ not volatifise in vaeuoJt^ ( » 




6 COBALT, NKjpEL, AND EpMENTS OF PLATINUM ifiBy3UP 

atoW •v^rcirrht ^‘xliibit a niucii ^closer similarity amongst *hemselv« 
tlian towards iron, cobalt, afid nickel. Their melting-points an< 
o^clTicicnfs of cjfjiansion with rise ^)f Vmperature are (ff the sam 
order; they are nadily reduced to the m^t.-fllic conditio^i from*thei 
•dinpouiids, and ^aMicrally sjicakinjl manifest considerable resistanc 
towards ai^ds and the usuj< chemical reagents. 

A characteristic ])if)perty *of the fdatinunj^.metafs consistn in thi 
TcadincssVith jvhieh they admit of Ifeing prej)ared in the colloidal stat< 
as'hydrosols. 'J'ljf'seJattcr possess po^^erful catalytic properties, anc 
their ac(aff?¥f«!ii*g inllucnce ujkui the rate of decomposition of aqucKiui 
solutions of I’vdrogen peroxide has been carejglly studied,. The mosl 
powerful cafaiyser is colloidal osmium, followed in order of decreasing 
activity by ])latimim, ])alladium, and iridium. 

'riic hydrosols arc more active than their respective metals in finely 
divided condition; this is attributable to their increased surface and 
to the more inlimati' contact between the particles of metal and the 
molecides to he eatalytieally acted upon. 

Hydrogen, in the ])resencc of thes^ hydrosols, exhibits increased 
activity. For examph*, when this gas is passed into a mixture (^n- 
sistir.g of 

1 0 c.c. of metallic hy&rosol 
10 c.c. of alcohol 
2 grs. of nitrobenzene 

the last-nnriod subslawec is reduced fo aniline : 


( - C«H,Nir, -I- 21120. 

Hy mcjisuring the volumes of hydrogen utilised in this way in 
unit lime j)cr unit volume of metallic hydrosol, a measure of the relatit'e 
ctricieneies of the colloidal metals is obtained. The results obtained by 
Paal and hisVo-wqrl^('rs are as follow : ? 


0 . 0 . hvflrogon per hour 
, 12,000 to 32f000 

, g,700 to ‘.37,000 ♦> 

. 2,000 to 4,000 

. Only small activity 

There Is lit tl(! to choose between jialladium and platinum, whiHt 
the activity of osmium is exec'edingl}^ small.- 

Several of the flietjds yield solid hydrosols when their solutions are 
cono.‘nt rated in the prestmee of a protective colloid, such as gum 
acacia or .sodium lysalbin'aU, over conecnti;ntcd sulphuric acid vacuo, 
Gn treati^nt with warm water the solids redissolve, yielding the 
coKloidal solutions agaifr. ‘ i ' 

*Thc solutiiliis are fairly stable, but decompose if shaken with barium 
sulphate or animal charcoal, the metals coagulating. 

Ir thc« finely divide(\.con<lition the nictals are likewise possessed of 
powerful catalytic powers. These ,are ,, shown to advantage when 
asbestos soaked in a solution of the chloride of any one V'f the meti^ls 
is ignited, whei\‘by the metal is obtajned as a^^dcpcisit on the surface 
of the asbestos in a high state of .subdivision. In such circumstances 

• ‘ Sec Piu\l and Ins co workcra, A.r., 1905, 38 ^. 1400, 2414; 1907, 40 , 220li’ 

log?, ^ 4 X, 2273, 2283. * ^ 
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Hiey reaijil 5 " o:t1disc hyarogcn ^lul hVdroparbons in the prjsenqij of 
air. They may bt? arranged in the foqowing order o(%ictivity, osmium 
proving decidedly the most j^'acljjve and rhodium ®tlve least : f 

Os^nium ;^palladium ; ^lutimim and ruthenium ; iridium ; rhodium.^* 
It is interesting to compare this order with that found for the actiw^ 
of the coll(/idal metals in regard to the»jdecompotilion of hydrogen 
pcroxi(4e. The ehange^in posit h)n of thf osmiiyn is remarlAblc. 

In this connection it is inteiestiiig to note that minut* traces qf 
tlu'se metals may ho (Uteetecl^on asbestos by holdin^g the latter, imme-« 
diHtely after hwating to redness in a Ilimsen ilaniV, jj|ijw€^1f^ixturc of 
coal gas a^id air. Tl^e particles of nu^tal heeonu* ineamleseent in 
eonsequenee of their erilalN lie activity in eaiising the unimi of the coal 
gas and air. Ity this; naans it has been fouml possible - to detect the 
following t races : 

Platinum . . . . . . 0-()()‘2 mg. 

Iridium . . . . * . . O-OOo 

Khodium OOOOO 

^ Palladium . . • . . . . 0-0()().5 ,, 

Rulheuium, rlaulium, iridium and platinum are characterised by 
yielding, upon rediietioiif of their salts, highly explosive po^^ders. 
Osmium and palladium do not appear to share this [iroperty.®. 


Comparative Study of Iron, Cobalt, and IIioi[el 

The MeUils.---l\\ many respects metallie*iron, (‘obalf, and nickel 
closely resemble oia' another. The g1*elt(\*f difference between their 
atomic weights is only three units, and their*s])eeilie heats arc similar, 
^is might 1)0 expected from Dnlong and *Pet it’s Law. Again, all tliree 
metals heeome ])assiv(‘ or inert when exposed to certain oxidising 
influence:^ such as anodic ]>olarisation in alkaline sol^ition. This is 
usually attributed to the formation of a skin of •oxide upon the surface 
of the ineta! w hich ])i()teots the iindeti layers attack ; hut probably 
no single •xplanation will snlliee for every ease. Hydrogen is readily 
oeeliK.ed by taeh of the met.Mis to an extent (tependent upon a variety 
of factors such as tem[jeratur<‘, length* of exposure to the gas, and the 
physical condition of tlie metal. 

‘On the other hand, ^he metals exhibit an interesting gradation 
properties. For example, the inciting- and boil ing-poinfs gradually fall 
as we pass from iron to nickel. Whilst it is true thal all three inetaLs 
arc magnetic at ordinary temperatures, iron rettlins this property at 
very high temperatures, cobalt hifJjes it at about 11 SO'’ C., aiub nickel 
at 320*^ C. 


, Each of the metals is fitahle in dry air, and neither co^lt nor nickel 
is gft?atly affected by moist air, merely be<^ming larnisned*in pniccs.? 
of time. Iron, •however, readily rusts under such cofiditions, >t<?lding 
a re3dish brown, pulverulent mass of oxide wliich tends to stimulate 
further corrosion. In this respect iron is uuif(ue. 

In Thc^ finely divided ^ontlition each of the metals can act* as a 
catalyser,' as, frir example, in the reduction of unsatnrated hydro- ; 
carbons. Thus aet^dene *111 ,Hic presence of cxccilk of hvdrogen on ' 
1 Phillips, Amer. Chem. J., 1894, 16, 1(13. 

* Curtinan and llotliherg, J. AmerMdlU'm. Soc., 1911, 33, 718. 

' • Cohen a»d Strengers, pfyaikal, Vhem., 1908, 61, 698- 
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cowing into «)ntact^with the raeials at templratures iomew^t belojj^ 
200" (? is*reducMt to methane, eghane, etc., liquid petwleum being ^so 
JViclccl most vi^orousIy| cobn-lt is Jess ficfeive, whilst 
iipn will not act in all reactions. i # * ^ 

Compounds. -E\cn a siiper/icial study of tJie derivatives of iron, 
and nielvcl filiows that a decidtd pfradation in properties occurs 
as we pass fnoni iron throu^di cr^ialt to nicicel. Thus ivon readil^^ forms 
two classes of salts, naifiely, ferrous find ferriefin wliich the metal is 
resjiectivcly divalent and trivalent. Of these the ferric salts are 
^^enorallyiijgajdntf the iriore stable. Nickel, on^ihe other hand, usual]}' 
funetinris asaTfrv’alent metal, and although evidence appears to have 
been obtained In favour of the possibility of thb momentary existence 
of salts of trivalent niekij, such salts are unsta^jlc in the very highest 
degree. Cobalt lies between these two extremes, for although its 
ordinary triialent derivatives arc unstaljle, double salts in which 
cobalt has a vahaiey of three arc not only well known, but arc remarkable 
for'their stability. 

By way of illustrating the foregoing it is instructive to study the 
cyanogen derivatives of the metals. On raiding a solution of potassium 
cyanide in excess to one of a ferrous salt the preei|)itatc first formeti 
readily passes into solution yielding potassiuif.i ferrocyanide, K4Fc(CN)6, 
in whie|^ the iron continues to function as a divalent metal. The 
aducftus solution contains the complex ion Fe(CN) 8 "", which consti- 
tutes the negiitiye radicle. Upon oxidation potassium fcrricyanidc, 
KaFejCN)^, i|^ produced, ;^vhich containjj, the negative radicle Fc(CN)a'" 
in which the iron is trivalcnt„jJUobalt behaves in an analogous manner, 
yielding cobalto- and coflfflti-eyanidcs, although the former arc not 
characterised by great stability. It is otherwise with nick(*l, however, 
for salts of this metal on treatnK'nt' with excess of iiotassium cyanide 
solution yield potassium nickelo-eyani<le, K2Ni((’N),,. The divalent 
negative ion Ni(CN)4'' is present in solutions of this salt, so that the 
foregoing formula iV *])robably more correct than 2KCN.Ni(C.N)2.^ 
Nevertheless jthe salt is re.adily d'eeomposed l)y addition of oxidising 
agents, such as sodium thypobroniite, yielding a black nrA*i[)itate of 
nickel peroxide. Indeed, this difference in behav iour lAweei\ cobalt 
and njekel s^dts is made, iisc of in separating the two metals in (piali- 
tative analysis, for niekeli-cyanides are r.ot known. 

• (.’arbon r^a^ily dissolves in molten iron, yielding the carbide FcgC,* 
known technically as cementite. It is tJiis power of absorbing carbon 
that rendfrs irorfso extremely valuable for metallurgical purposes, since 
its phvsical properties are entirely transformed thereby. From a 
relativ?ly soft metal it may converted into one exhibiting all-^jrades 
of hardness up to that which readily enables it to scratch glass. Its 
^theu physical properties, ^uch as elasticity, tensile strength, brittlQness, 
etc., ^i^re also stuj^endously influenced by the presence^of carbon. In- 
deed, m this resj^eet, iron is unique amongst th^ metallic elements 
Carbon dissolves likewise in molten eobaU, and at very high tempera- 
tures /the ciftbidc C03C is ‘produced, but the carbide decomposes into 
cobalt and graphite with such rapidity upoh cooling that it\cannot be 
detected even in oucnchcd specimens. /Tlaj nickelj^ andiogue, Ni^C^ has 
also been obtainc^O. These substances, however, 3 o not possess a tithe 
of the in^etest or importance i?+taehing to their iron analogue. 

*, Rossi, d^xtUa. 1916, 4 ^ 5 , fl. 



All tbre^ metals unite with earlwi^nonoxide tc? form tetri^ar^vnyis 
of general formiiFa M(CO)4. Of thes% the iron deri^tive yields dark 
(rreen prismatic crystals wtjrh ^ire stable umleP ordinary conditifins 
liutj[Iissoci^tc into metiHlii* iron and earhon monoxide at 140'^ to 150® jy 
[Cobalt tctracarbonyl likewise oeeurs in the solid condition at ordiij^iry 
temperatures, in tlic form of oran^^e crystals, which, however, dccomj^e 
)n exj^sure to t.ir, yicldin" a basic carinmatc. The nickoJ analogue is 
i liquid, boiling at (\, and Solidifying at — 25° C. • 

Iron unites witli o.Y^'gcn to form three Wt J-delincd oxitlcs, namely^ 
Vrous oxide, Fed; ferrosd-fcrric oxide, Fe304 ;* aml.^fcirie oxide, 
t'VjOa- Tl^csc are basic in character as a rule, althfmgh ferric oxide 
ilso poss(‘sses feeble acidic properties, as evidenced by the fact that 
lerivatives of caleiuM, lead, copper, and mother metals liave been 
)btained. The dioxide, FeO., has not been isolated, but ferrites have 
x'cn prepared, such as barium ferrite, llaO.FcOg or IhiFeO;., in which 
:hc oxide funetions as an acid radicle. Similarly attempts to prejiare 
he trioxidc, FeO-^; have hitherto proved abortive although barium 
errate, llaFe04, is known. 

• Cobalt likewise yields a tnonoxide, CoO ; cobalto-cobaltic oxide, 
JO3O4 ; and cobaltic oxide, Co/)^. The last named is interesting 
nasmueh as its hydrate, 0(011)3, dissolves in hydrochloric acid e%%lvihg 
diloriue, thus behaving like a peroxide. In this respect it closejy 
•csembles nickel dif»xide, and the. n'semblance is all the .more sti^iking 
iinec nickel dex's not njipcar to yield a sesquioxide.. Cobalt dioxide, 
''oOo, has also been prej)ared ; it unites with bases to for\|i cobaltites. 

lloth nickel monoxide, NiO, and hUielo-niekelic oxide, Ni304, arc 
cnown, hut, as stated above, there is a doubt about nickelic oxide, 
VigO^, the substance usually descybed ns such being in all probability 
he dioxide, Ni()2. llarium niekelilc, lla().2Ni()2, has been prepared. 

Ferrous hydroxide, Fe(()H)2, and eoballous hydroxide, Co(OII)j{, 
ire chanteterised by the readiness with whieli they Absorb oxygen 
Vom the air, yielding brown oxidised ]iroduets. 'Niekelous hydroxide, 
^Ji(011)2, <4(1 the other hand, is o;:idis*c(i considerably less ic'adily. 

Cobalt se^piisulphidc, C02S3, results when a mixture of sulphur and 
:he carbonat(‘s of coljfilt and p<jtassium»are ^ais^d to white heat. Nickel 
n similar circumstances yields KaS.yNiS, and thus rosemy.les palladium 
vnd i>latinum, whereas ^ibalt behaves more like rhodium and iridium. 
The position of nickel alter cobalt in the Periodic /rablc is thus 
;u])ported. * • . 

The sulphates of divalent iron, cobalt, a_^id nickel all occur in various 
itages of hydration. The heptahydralcs arc isomorphous.^ With 
julphafes of the alkali lyctals isomorpjioifs double salts are formed 
lontaining six molecules; of water, and having the general formula 
Vp2Sd4.1lS04. 01120.* Ferric sulphate and cobaltic sulphdfe a^*c known/ 
3ut not nickelic^ sulphate. • •• 

Doth iron and cobaU, when trivalent, yield stalde double sulphates 
ivith ammonium and the alkali metals, containing twenty-fjur molecules 
>f water. These are knowji a^aluins, and to them the general* formula 
M2S04.R2fSP4)^.24H20 n*ay be ascribed. They usually crystallise in 
svell-defined octahe(iyi. Nickd, on the contrary, d^cs not yield salts 
pf^this type, since nickelic sulphate cannot exist. • ^ 

v ^The chlorides of iron, cobalt, ancLrtk’kcl arc of peculiar «int crest, 
hloridc, when peireqfly puiY and free from water, is ^ whil^e,* 
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scal^^crY^talliiw suhstancc, volatile at yellow heat in the‘aJ»sence of 
air. It re/iflily <fb.sorbs animonji, yielding a voluminous white mass, 
definite amm|»nfates, namely, th^ di^nmoniate, FeClj.SNHj, and 
Jie hexaminoniafe, FeClo.eNIf,, having been isolated. Tl^ hydrated 
Tnlt contains four molecules of watp and yields bluish, moi^oclinic 
•fystals. Solution*? of ferrous chlondc in various solvttits readily 
disorl) nitri« oxide. Cobaltou* chloride is, in many its pro^ierties, 
ntirely dUTerent from the preceding ♦jalt. Wrfen anhydrous it occurs 
*s blue erystallftie seales. Numerous hydrate§ are known, of which 
, he hexa-liydrjije isthe^nost common, ocdlirring as dark red monoclintc 
f)risms. In tlif^eold, a saturated solution of cobalt chlorjde is rose- 
coloured, button wanning it becomes violet between 25 ° C. and . 50 ° C., 
jind above the latter terwperature it assumes i^bliie colour. This is 
entirely eli.ir.icU'rislie of the cobalt salt, neither ferrous nor nickelous 
cliloride exhibiting this phenomenon. Cobaltons chloride yields a 
hexaminonijite, ('oC'l.,.0Nir.,, in the form of dark rose-red octahedral 
crystals when aminoniji is passed into a concentrated aqueous solution 
of cobalt ous chloride in th(‘ entire absence of air. Nickelous chloride, 
when anhydrous, occurs as golden scafes whicdi readily dissolve ^ 
waten yielding on crystallisation green monoelinic prisms of the hexa- 
hydime, Nitllg.Oll^O, isomorphous with thcl corresponding cobalt salt. 
Like ferrous chlorides anhydrous nickelous chloride swells to a white 
powder in thp presence of ammonia, the hexarnmoniate, NiClg.CNH^, 
being p|()due(il. , 

Ferri(! chloride is a well-known, stable salt ; cobaltic chloride has 
not been isolated althoug|^ iw^ations of its possible existence have 
beeii obtained ; nickel do<‘s not yield a trivalent halide. 

For the sake of ('asy com»j)arisoy and contrast a few of the mor^„ 
imp(ulant compounds of iron, cobalt, and nickel are indicated in the 
a(‘<s)mpanying tabic : 


Trojji, 

(ibnit. 

f 

Nicl^'l. 





. ii Co.jC o 

NiaC * 


Co(CO), 

Ni((' 0 ), 

(soydi 

(solid) 

(liquid) 

K,I''e(CNL 

K/'o(t'N), 

■ K,Ni(CN)4 

K/c-(CNt„ , 

K.,Co{CN), 


FcO 

(Op 

NiO 

* Ki.,0, 

• ■< 

NijO, 

Fc..(), 

' CO2O3 

— 


^ C0O2 

NiOa^ , 

,FeSD,. 711,0 

CoSO,. 7 n 20 

NiSO^.THp 

M,SO,,.FcSO,.GirjO 

MjSO,. 00804.011,0 , 

M2S04.NiS04.6H.p 

Fc,(S 0 ,),,. 9 ll ,,0 

('0,(804)3.1811,0 


^M, SO,. 00,(804)3. 


snijO 

!: 4 ir 20 

* \ 

Fc,N, . 

C04N, 

‘ Ni 4 Na 

FeCl, ; 

CoCI, 

#.*.(? C0CI3) 

NiCla 

, FeCI, 

— 

1 « 






jilRACmiSipS OF TffE ELEJfENlS 

Position in the Periodic ThhJe.-*-^ many respects iron, (obgtt, ahdl 
nickel con^^titute interesting intermediaries betweJn manganese and 
copper. ’So close indeed i# tl|e connection between manganese,^#ron,» 
anil cobalt, that manjflut'se lias frequently Ix’cn taken out of Group 
and ^^laeed in Group VIII abiig with iron, thus converting th^f{rel» 
triadic grdiip into a tetradie one.' ^4% illustratnig the gradatioif in 
properties on '[)nssinj|f from nianganetc to lyekel, it may be observed 
that manganese, iroii, and niel^'i yield carbides of tiie ly^ie M;,C, the 
heats of formation biyng as follow : 

MihC -f 12-9 Cals. 

Fe^C - ^ryti „ 

Ni.^C -im 

The first named is stable, the sceoiufis slightly unstable, whilst 
nickel earlade is eharaeteris(‘(l by great instabilily.' 

Moissan ^ in IS.SO called attention to the laet that the allinities of 
chromium, iiiangancse, iron, cobalt, and nieki l for oxygen and the heats 
of formation of oxides, chlorides, bromides, iotlides, and sulphides 
^decrease as the atomic weig^its rise. 

When a caustic alkali is added to a solution of a ferrous salt, white 
ferrous hydroxide is ))re(j|pitated. This readily oxidises in air, yielding 
brown, ferric hydroxide. A manganous salt behaves in a precisely 
similar manner. It is instructive to note, however, that wlten anuno- 
nium hydroxide solution is added to one of a manganous salt in the 
presence of ammonium chloride, the hydroxide i^ not precipitated, 
and under similar conditions ferrous hydroxlTle is only ]:fhrtially thrown 
out from a solution of a ferrous salt. • 

Although the dioxide F(‘().^, has not been isf)lated with certainty, 
derivatives such as strontium t^rrite,^*Sr(). and barium ferrite,/ 
BaO.FeOo, arc known, corresponding to the ^uiai^ganites. Ferrates,® 
corresponding in composition to the manganates, .have also been 
obtained, the most stable of which is the bariiTin salt, HaFe0.j. 

Both iron and manganese yiejd divahnt and trivjilent series oit 
salts as <*^'em]diried by their chlorides, FeClo^MnCl^ ; k}' Mnl’lg, and 

sul}#uites, FeS 04 , ; Fe.^lSO,)., Mn 2 (SG,i);i. Further, manganous 

chloride and bromide, togij'her witn theii^ hydrates, are isomorphous 
with the corresponding ferrous, cobalt, and nickel ^salts. •Ferrous 
s'alphate is interesting* for it exists in several stages of hydration, the 
heptahydratc, 'FeSO^.TlI./)^ and tetrahydrate, FeST)J.4lI./), being 
isomorphous with the corresponding manganese silts, ^|[IlS 04 . 7 II 20 
and MnS 04 .lll 20 . The penlahy<lrate,' FeS()4f,5ll20, is isomorphous 
with^opper sulphate, CuS() 4 . 511*0, and ipixed crystals of the two salts 
are readily obtainable. • 

• ^Manganic, ferric, add cobaltic sulphates yield witk the su^hates 
of *the alkali metals well-defined isomoi^'hous oetah^rat crystalliRe 
coijipounds krtown as alums. These have the geneAd formula.^* 
M,S 04 .Mn,,(§ 04 ) 3 . 2 «l, 0 , M 2 S 04 .rV 4 (S 04 ) 3 . 21 . 11 , 0 , 
and M 2 S 04 .Co 2 (S 04 ) 3 .*i tllgO. 

W • • . 

* The main arguments in favour of thi« have recently been BummariRcd by Bichowshlr, 

J, Amer. Chem. foe., 1 J18, 40 , 1040. , ' 

* Ruff and Gersten.^cr., 1913,^6, 400. 

* Moiasan, j4nn. Chim. Phj9., ISSO, 21 , 199. 

* Messer and Borck, Ber., l$09, 42 , 4279.^ 

* RoleU, J. Amen Chem. 80 c., lip96, 17 , 7u0 ; Basichicri, Gazzeila, 1906, 3 (^ pi], 
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Tile sijjphidcs of divalent mmi^inese; iron, cobalt, aiic! ni6k«l are al> 
precipitalcd in neutral solution b^ addition of ammonium sulphide ; all 
^rcdnsolubh; in but sbliiblc in i^iiKijid acids. * 

The carbonalcs, Mn('(L, Fc('().j. ('o( 0 .j, anil NiC'O.,, arc kpown, ^nd 
tife /latiiral carhoiialcs of jiian^aiicsc fttid iron o/*fur in very intimate 
asi?r)cialion. 

Nickel, oit I he other Jiand, kears a close siinilarity’to coppoir. It 
[Iocs not, ykc copper, yield well-dcrrficd monovalent salts, but the 
Jivalent salts of *1110 iwo nu tals arc similar. TJoth have a bluish or 
;m‘crush Cftloiir, uhihli i^ enhanced by thc*addition of ammonia owinn 
:o the f(»rmaii<m of complex ammoniatos. Pickerini^ ^ Ipis drawn 
ittentioM to tU' fact that the colour intensity of*or^^anie salts of nickel 
deerc'ases with dilution in«ft similar manner to li:at of et)pper deriva- 
tives. The ortranie salts dissolve in eaustie alkali to form eompomids 
resenil)lini|; lhos<' yielded lyy copper. In some cases jellies are produced, 
as with copper. For (example, jmtassium niekclo-eitrate ytelds, with 
potassium hydroxide, a permanent dark ^u’cen jelly. 

Comparative Study of Iron, Ruthenium, and Osmium 

Tl# principal eharaet eristics of these mehls are shown in the table 
on paffc iv It will be observed that their densities rise steadily with 
iuerea^ied atoniie wei<,dit, osmium in certain eireiimstances having a 
greater density# namelv, 2I-, than any otlua* known substance. 

All ifiro* ipetals y ieId,diehloridcs aiy,! trichlorides and, in the ease 
of nithcnimn and osmium, series of complex salts are known under the 
names of ruIlK'no-elilorides or ehlor-ruthenites, M.dtuClg, and osrno- 
ehlorides or ehlor-osmites, M^O^Cl^ or MC’l.MjjOst'lg. 

Huthenimn and osmium also yield series of more highly chlorinatcf 
‘sails known respectively as ehlor-ruthcnates, MgPnC'Ic* !*>id chlor- 
osnuitcs, M.jOsC^lg. These are isomor|)hoiis. Iron does not yield 
corresponding derivatives. It is interesting to note, however, that 
^•uthenium an^l osmium resemble^ iron in forming nitroso deriva- 
tiv('s. For example, FeCk^.NO, HuCI3.NO.lI2O, and osiniarnic .acid, 
OsNO.O.OIl, arc now wHI knowK. » 

Considerably' rcscnibhufc may be traced between the oxides of 
ilon, ruthenium, and osmium. Although it ij> true that rutheniiyn 
rfonoxide luuviv^t as yet with certainty been ])ivparecj whilst osmium 
monoxide is believed to exist and ferrous oxide is exceedingly well 
delincd, yi.t all three vietals yield a sesejuioxide of the type M2O3. 

Iron^dioxide is not known in the free state, but it can exist in com- 
bination, ns witness such feryites as bariuip ferrite, BaFeOj.* The 
dioxides of rutbenium. HuO.^, and osmium, OsOg, are known. The 
f#rmov is isoiT^^wphous witl; eassiterite, Sn02, and' rutile, TiO'g; And 
combijips with baj^es to form rutbenites, for example, bafium ruthenite, 
BalluOq.^ , « 

Osmium dioxide is cliaraeteriscd by its remarkable [)ower of forming 
Avhat |ir6‘ e<>n\monIv knowif as osniyl ilcrivativcs of general formula 
M.{OsO,)X,. ■ • V „ . , 

Iroi\ trioxide Q(\\\ only exist in eopibiuation,,0'rith bases, as, for ; 
example, in bariiyn ferrate, BaFcOi. Ruthenium docs not yield, a 
separate trioxide ( itlu r, altbnin^l’^its derivatives arc better known thffinV 
' Pickering, Trana. Cffem. ^*oe.,iJ 915 , io7. 94 £. ^ 



aaCXMCTEEISTJ^ OF THE ELEMENTS OF GROUP. VIH 1#^ 

the corifcsponding iron ones. *The known of these is^otetsium 
ruthenafe, KgRuO^.tlaO. Osmium nields a l^ydraled trioxide, Known 
as osniic^acid,^ 0 .s 03 .II.^ 0 ^)r lILOsO,, Ihe nu^sU important sal# bf 
wliich is jptassium osiflate, K/isO^.^lUO. 

Potassium per-ruthenatc, KEiiO^, is aualoj^ous to. but not i.soj^iDr-< 
phous with, potassium pcrnnm^^nuatc. ^ ‘ 

Am intcrcstftiir serjos of osmyl oxy^kriN atives is kiio\«i, containing 
the radicle OsO^, aiuT to whicA tlu‘ general fonmila M.^^JsOy)X2^is 


given. . ^ ^ 

• Ruthenium and osmium arc uni<juc in yi^'ldiftg tetroxfilcs, RUO4 
and OSO4 .respectively ; tlie former, a goldeik yello\\*^nass, melting at 
25 * 5 ° C., and the latter a white crystalline substance of an exceedingly 
poisonous nature. H#th oxides are ri'adily v#)!alilised. Although these 
oxides are soluble in water they do not yield hydroxides, and seem 
incapable of acting lik(‘ acidic oxides. This is remarkable in view of 
the acidic tendencies of the liigher oxides of most metals. 

Iron combines with carbon monoxide to form Ihri c' carbonyls, namely, 
Fe(C0)4, Fe((’())5and Fe.^( (.’())„. nulhenium yieldsa diearbonyl. itu(('0)2, 
jjt'hen exposed at .* 500 "’ F. to*carbon monoxidt' under a }>ressure of 400 
atmospheres. It t hiis resembles molybdenum, which forms Mo((XU(j, and 
which is situated in the sjfme horizontal series in the Periodic Timh;. 

Iron, ruthenium, and osmium yield complex cyanides in ¥’hich ^he 
metal enters the negative radi(*Ie. 'J’hese arc known ix'ipcctivriy as 
forro-cyanides, ]\l4Fe(('\),^. rutheno-eyanides, M^Ui^FX),., ai^l osmo- 
cyanide.s, M,jOs((’N)^. Tlieir trails exhibit •lose simihrity, and arc 
isomorphous. In addition to ferroeyanide^ iron yields a seric's of salts 
known as ferricyanides of general formula. M;5Fe{C’.\)(i. and nitroso salts 
• termed nitro-prussides, M2Fe((’N)^^X(). •Thi'i property is not shared by 
ruthenium and osmium. In t)rd('r to faeiiitale the comparison of the 
comjiounds of the three metals under diseiissicjn, their more im[)ortant 
derivatives are given in the following table : 


Iron. 

Kill ht'nium. 

• 

O.smium. 

Fetl, 

Hu(T. 

OsFl., 

'\;(l.,.NO 

Ru(’l .NO. alb , 0 

C 

FMj 

• HnCl-t 

, OsC), 

— 

M.,Hu( I-, 

MCl.lM^XsCIg 

— 

M,Ru(l, 

M.,Os(l5_ 

FcO 

(HuO) 4 

bsO 

IV, O3 

HuA), 

Os.O, 

•(FeO.,) 

Rub., 

«slVj . 

RaFcO, 

RalluO., 

• •* 

BaFe04 1 

K.,UuO,.H..() 

KpsO,. 211,0 



UuO, 

OsO/ 

K,Vc(C;X)., 3 H ,0 

. . m 




^ Unfortuu vtuly the tetroxido,* 031)4, t** u.sually nii 3 -torint‘(y ‘‘ osmic acid.” 
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i^omparanve t'^tudy of U»balt, and Iridium 

Vhc principal characteristics of thesr meUjs ure shown in 'the table 
t()if^)a;,^e 5. It will he observed that« tlieir specific heats with 
ris^ of aloinie wei^^hl*, as is to J)e expcctfd from Dulon^r and Betit’s Law. 
Their densitios increase wit h the^ atomic weights. # ^ 

In rnaii^ ways metallic cobalt resembles i^on and nickel in its 
Ujiysieal properties. Iridium has frequently been compared to gold in 
virtue of ik-J rcsistanve to acids and genera’i corroding media, but in it|L 
colour and g(‘ner^.l physical pro]Kn’ties its resemblance to jjold is not 
so marked ; ii^ fact it is mucli more like platinuih. 

The more important si^nple derivatives of cc^^alt are divalent, the 
metal only yi(!lding stable trivalent salts in conjunction with other 
metallic derivatives, as, for exam])lc, the cobalti-nitrites and cobalti- 
cyanides, or in the comph'x ammino derivatives. Rhodium and iridium 
function almost exclusively as trivalent metals in their salts. 

Cobalt yields a wcll-delined dichloridc, CoCl.,, but its trichloride has 
not as yet been isolated, altliough indical'ions of its ])ossible cxistencp 
are not entirely wanting. The existence of rhodium dichloridc, on tin? 
other tiand, is uncertain, but the trichloride, iRhCl^, is well known. It 
occurs in, two varieties, one of which is anhydrous and insoluble in 
water'and aeicls, whilst the other form is hydrated and soluble. (Com- 
pare chrpmiunK) , 

Similarly iridium dicljoride appear.vto be incapable of a separate 
existence, although it oeeui’s in combination with certain other stable 
salts, as, for example, IrCI.^. ,(.’1. HI/). 

Iridium, like rhodium, also#forms^a trichloride, IrCl.,. 

Although cobalt chloride can unite with other chloride's to form 
double salts, no well-defined series of such salts exists. Rhodium and 
iridium Irichlofides ^yivld hexaehlor-rhodiles and hcxachlor-iriditcs 
^respectively, of geneiru formuhe MgRhClg and M;,IrClg. These are 
isoniorphous, #ind arc analogous ^in constitution to the hexachlor- 
osmites, MaOsClg. t t * i* 

Rhodium is unique it! forming a second series*of salts, narngly, the 
pcntacjilor-rhqclites, of gtiieral formula M^RhTl-, in which respect it 
resembles ruthenium. 

On the oVhtr hand, iridium yi(*lds a tctrat^ihtride, lrn4, and tliis, 
with chlorides of^the alkidi metals, prodnees a .scries' of stdts known as 
hcxachlor<T5ridates, otg general formula MoIrCl,., isomoridious with the 
analogous derivatives of osmium, ruthenium, palladium, and platinum. 
Thc.se form an interesting lrnl< .between these jnctals. c 

Cobalt monoxide is a well-delined chemical entity, but the existence 
•f mftnoxitle.sH[)f rhodium a^ul iridium has not as yet been satisfaet(?ri{y 
demc«v>trated. 4^^ three metals yield sestpiioxides, of the type R^Og, 
and dioxides, of the type ROg. The last nanv'd exhil^it weak tkjidic 
. tendencies in that they can unite with bases to form cobaltites, rhodites, 
and jriftites respectively, ‘analogous loathe ferrites, ruthenites, and 
osmites mentioned in the ])revious section, aiid exhibiting an Interesting 
relationship to thq. chromites and mangynit<i;>. | ^ 

Cobalt, rhodiivn, and iridium yield siilphates of the type R/SOAj, 
and these combine w ith sulphiitM of the alkali metals to produce alums, 
6fthe gjencrul formula 4. 11^804)3.2^11^20. Th^se are wel^-defined 
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ftrystalliite salts, isomorphous with the •better known iron, n^ngjmese, 
and aluminium aljmis. 

Cobalt Jind rhodium yielcliioi|plex molyb(hitcs*\viiich are chemieaily 
and^crys^llograi)hicalf\’f analogous to tlie corresponding comploib 
molyb^Jatcs of aluminium, iron, Snd chromium.^ ^ 

Cobalt yields an intercstinff scries o^ double* nitrites, the mdit 
important monger of wliieh is iMseIrr’s sijt or ]K)tas*um cobalti- 
nitrite, K3Co(N02)g.j’!T.^0. Rhodium shares this proj)orty. to a con- 
siderable extent, and tjie pohissium salt. K.jHh(N() 3 ),j, may be used fn 
^ ^ analogous manner to Fischer's salt, namelf, in*tiu‘ })reiTgiration of 
pure rhodiym, and als(^ for the (piantilative estimaiioff of that metal. 

Iridium, too, yields double nitrites, the potassium sal*, K3lr(N02)o» 
in particular having l#'ei^ isolated. It is eoMceded, however! that the 
double nitrites of iridium arc less im})ortant than I hose of the two 
preceding metals. 

Cobalt, like iron, yields eomplex cyanide (l(>ri\ ali\ cs known res|K*c- 
tively as cobalto-cyanides, M 4 (V>(('N) 3 , and eobalti-eyanides. M; 5 (\)(CN) 3 . 
Of these, the latter alone are imjmrtant. Hhodiuin and iriclium in a 
s^nilar manner yield rhodi-eyanides, M 3 Rh(CN) 3 , and iridi-eyanides, 
MalrtCNlg. 

Cobalt, rhodium, and iridium are also ehanieliTised by their^ower 
of yielding eomplex ammino derivatives, and in this manner ^-esemble 
palladium and ])latinum. These derivatives are a remaij\able sei1cs*of 
substances entirely distinct in most of their })ropi'rtii*s 4’rom t^io more 
usual inorganic salts of the metals in (piesUon, anti ai’e dealt with 
separately in Volumt* X of this Serii s. 

In order to assist in the direct comparison of the chief derivatives 
••of cobalt, rhodium, and iridium, tl*0 1 blhming tabl(' has been compiled : 


•Cobalt. 

Pihodium, 

slridiuni. 

^oCl.^ 

(CoO,) 

• 

• 

Rhd. 

IrCl, 



IrCl4 

— 

M,RhClfi 

l\yr(\ 



• Maiiid- 


— 



CoO 

(RhO) 

(IrOJ 


Rh..O., 

lr,(). 

. C0O2 

ifliV).; • . 

IrO. 

002(804)3 

• R 1 » 2 (S().,):? 

Ii-.tSO-,), 

• lVtS04.C02(S04):^ 
24H20 

• M 2 S 04 .Rh..(S 04 ),. 

2llfO 

M,S()„Ir,(S()4),. 

• 2411,0 
•M3lr(N0,)r 

. M3Co(N(r2)6 , 

1 M,Rh(N02)8 

M3Co(CN)e 

M3l<b(CN)8 

MJr(CS). 

Amaiino derivatives 

Ammino dcrivativos* 

A in 1 u i mf dcri vftti ves 

1 

• • 



‘ See Biftbicri, /flti B'Accud. Liuai, 11U4, [v], i, 334, 
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Comparative Study of Nickel, ^a(]adiiim, and Platinum 

Examii lilt ion of the l;it)Ic on paj;c 5, \fhrch gives tliff priivipal 
physical data concerning tlicsc mdtals, reveals the fact that the 
densities rise hut tfie speeifi€ heats fa'll with increasirij,^ atfeic Aveight. 
This latter 6hscrvation h (pult in accord wiyi Dulong and •Petit’s 
Lpw. • 

e Metiillic nickfl closely resembles coba^. botliin its physical and its 
clicmiciirfJropcrt^is,* iind pliitiniirn cxhilats many jinalogies to iridiiiifi 
whilst rhodium also cxliihits certain analogi^js to palladium. Foi 
examfde, th(‘ two last-named metals arc both converted into snlphatei 
on fusion with potiissium bydrogen sulphate, wlS rcas neither platinuni 
nor iridium is affected by tliis treatment. On the other hand, palladium 
appears to stand apart somewhat in certain respects. Thus, it is 
unitpie in dis[)laeing mercury from its cyanide. Just as nickel resembles 
eo])per in many respects, so can an analogy be traced between ])alladium 
and silver, which latter is its adjoining clement in the second long hori- 
zontal period in the Periodic Table. For example, on solidifying frofp 
the imdten condition in an oxidising atmosphere palladium “ s[)its ” 
just liKC silver, yielding a hollow ingot. Platinum similarly resembles 
g(^d jn ifiany of its ])ropcrties, to wit, its resistance to acid attack ; its 
solubility in aqua regia ; and its ready reduction from its salts. 

Palludium is rharacterised by a remarkable power of absorbing or 
occluding hydrogen. Tlw? actual voluihe of gas alisoibed d(*pends not 
merely upon the t(*mperatare, but upon the jihvsieal condition of the 
metal, and at orcHnary temperatures rangi's from a})()ut .‘175 to 850 
volumes per unit volume of cdmpacN jialladium. Nickel and platinum* 
share this projiert y, but to a very much smaller extent. 

Nickel behaves as a divalent element, and its dichloride, is a 

well-detined salt, ao^ diigher chloride being known. Palladium is 
similar, but its diehloride, PdClj.iyit'Ids a series of double salts with 
the chlorides*’of the alkali metals. These have the generi I formula 
M, 2 PdC-l 4 , and are knowii as tetraehlor-palladites. PlatiiiMn resc^nbles 
palladium in this respect, ]^»latinuni dichlonde, IMCl.,, and chlor-platinites 
juf the* type being well known. Potassium chlor-palladitc is 

isomorphous Avith iiotassium ehlor-platinite. • • 

Palladiuirt does not form stalile lugher chlorides, although the 
trichlorhle has keen obtained in solution and the tctraehhride can 
exist in combinatioiT, giving rise to a series of salts, namely, hexa- 
chlor-|iftlladates, 5I.,Pd('ln. These *are analogous to, isomoiphous 
with, but not as stable jCs, the hexa<«!ilor-platinates, Mgl’tClg, 
which are better known, and which arc deriAvd frym platinic rhlorick?, 
TPtClJ, a Atell^lel’med and 3vable salt. Similarly jientaehlor-palla^itcs, 
M^Pd^ls, and |Antachlor-platinitcs, MaPtCI^, are kntJAvn. The tri- 
chloride-of platinum. PtClj, has also been isolatkl. The fact, hoAv'cATr, 
that ptyitaeklor-palladites *and hcxachlor-palladates can exist at all, 
whilst iiiekel yields no such eom[)oim«Is, affords an .interfijstihg link 
between palladium and platinuni, and further jusiilies the inter- 
mediate jHisitiou palladium bctAvceii nw^ktl and \^latinum in the tri^ 
under discussion. • • 

. It is* interesting to eompiKc these chlor-palladates ai^ elilor* 
p&tinatcs Avith the corresponding derivatbes of iridium and 
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whiii 'thcy are isom<)rph<^us. •^nd it is wortjiy of hotc«1^ai 
the clilor-platinates arc isoiliorphoiws f witli the chlor-stan nates*, 
MjSnCI,. ' 

" Electrolysis of platinfb fliloridc solution shows tliat the platinum ijf 
presentin the complex anion, and i^>l iv tiie cation, as would beexpecto^ 
In this respect the metal resembles>irohi,=* sinie electrolysis of AuClj.HgU 
yields t^ similav eonelusions. ^ ^ , • 

Nickel, palladium, platinurti yield monoxides and diojiides; the 
dioxides of nickel and ,platiimm exhibit feebly acidic tendeneics as^ 
manifested by the' existence of such e(»nip<Mmds as* barium ifiekclitr, 
1 hi 0 . 2 Ni 02 „and pedassjum platinate, K.PtOg.rUl.O or K 2 Pt(On)e. 
This latter substance is isomorphous with potassium stannatc, 
KgSnO^.ylTgO, and thus affords another interesting link between 
ph'itinum and tin. 

.Nickel nitrite can unite with the nitrites of certain other metals to 
yield triple salts resembling in a])j)earanee, though not in constitution, 
the eobalti nitrites. The triple salt, 2KN()2.('a(N()2).i.‘2Ni(N02)2, is a 
ease in point, beinjr insoluble in water and havinji'a yellow cxdour 
cl()»(*ly similar to that of Fiselifrs salt. 

Poth j)alladinm and j>latimim, particularly the lattcT, yield remihir 
series of complex nitrites in tvhich the melal enters the nepdive radjcle. 
Th(‘se are known respectively as pallado-nit rites, MjPehNOg^i, unci 
platino-nitrites, M 2 Pt(X() 2 ),|. ^ • 

Nickel yields a tetraearbonyl when, in a limply divich'd eonditMjn, 4t 
is warmed in a current of carbon fnonoxide. Po4h palladium black and 
platinum black al)sorb carbon monoxide, yieidin^^ what appc'ars to be 
a compound, although attempts to isolate the substance have not as 
y«t proved successful. On heatin^^ t^) 250 ’ E. the substances decompose, 
cvolviri;^ ear])on monoxide. 

Nickel evanide combines with potassium cyanide to form potassium 


Palladium. 

Platiauin. 


f 


NiO ; NiS04 

Ni:.0. 


PdPl.; M JMCL 
Pd(’l.,.r() 
•pdClg; MJMCL 
- .M^Pdi I, 
PdO; PdSO^ 


PdO. ; — 
M2Pd(N02)4 


PtCl^; MgPlCl,,. 

PtC’L.C’O 

Pt(’l,;.U2in('l5 

PtCk; MgPtCla 
• PtO ; 

- 

PtgO., 

PtOg; Pt{S 04)2 • 
- VgPtCNOg)^./ 


Ni(N0i)2; M^NilNT)^),. - MgPcKNO.^)^ - 

Ni^-;Ni(CO)4 , - - - 

Ni(CN)2; MgNKC’N), Pd((’N)..; M2Pd(CN), PtCCN)^; M,Pt(t'N) 
~ ^ ^ V ’ Pt(('N)3; AfPt(G'N), 

Ammoniates Aminouiates Am mines 


‘ 1^11 analogy ha« Ix'on studied by Bcliucci ondj^arravano, Aili H. Acchd^Lincei^ 
•1804. 307. . ' ‘ ' 

^ ^ * Hittorf i|id Salkowslii, Zeilsch. j^aikal. Chim., Ib99, 28, 646. 

VOL. IX ; I • 
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nict'fIo-c^;inidc, J[C 2 Ni(CN) 4 . 5Vthoug1i in solution tJ^e ion l5i(CN)4'4/* 
present, the compyiind is urfttablc, *^eing readily decomposed by 
oxidising agents %ueh as sodium h]|poVomite, with depdsition of a 
•^aek hydrated oxide of nickel. • * • ^ 

^ Palladium jind olatinuin likewise lield pallado-eyanidcs, MaBdlCN)!, 
and ])latino-eyani(Tes, M 2 PtJCN) 4 , wh*eh arc isomorphous.# 

Nickel s’lilt v readily ^ornbiiH^ wil.I)|ammonia to foriTi ammonHites, as, 
for exaul^)l(\ the hexaminoniates or nickel elfloride, NiClg.ONIIj, and 
sulphaly, NiSO* .^JNII^. Palladium saltj act s^nilarly. 

Platftium sj^fs yieltl complex ammino derivatives resembling these ' 
oi’ cobalt. These are entirely distinct from tju; mon? usijal inorganid 
salts ofthes^ nu^lals, and arc dealt with in Volume X of this Scries. 


For the sake of eaf^ comparison, a few ‘T)f the more important 
coni])ounds of nickel, palladium, and platinum are given in the table 
on page 17. 




Uccurrencer Cobalt very sekloni oeeiirs Tree in nature*. It is Ibuiid 
alloyed with iron in me a*orit(“s, but only in sitiall (piantily. The ores 
of cobalt arc not widely distributed like* those* e)l’ iron, anel this is 
a serious handicap in the eeiininereial develoj^nienl of the metal. 
The meire ini[)ortant ores are as le)lle)W : rohdlfitc, cohdlt ghnice, or 
bright li'hiie cohalf, CoAsS, feaind in Sweelen. It (‘rystallises in cubes, 
octahedra, and pyritohedra; hardness 5*5; ele iisity t)*‘J, It is siher- 
wlittc in colenir and has a inetallie lustre. (Haacodnic has a similar 
chemical compositiem, but ee^ntains ire)n as well. Formula, (Fe('o)y|^sS ; 
crystal form, ortlie»rhe)mbie. Snialtifc, Ce^As., e)e*eurs i]i Saxony and 
Bohemia, and erystallise's in cubes and e*ubo-e>etahe*elra ; hareln^ss 5*54 
density 0*2. It fewms isomorj)he>us mixtures with the* e*wrre*spondin^' 
arsenide of nickel, NiAs.^ kne)wn as cliloanthitc, eiiflVre*rit specimens 
containin^r varyin^^ amounts e)f rtie* two metal*f, as well as, ne)t infre- 
. qucntly, iron and sulphur. Another ‘liarseiuele of e*e>balt occurs in 
nature as the mineral sajjiorite, CoAsg, and e*e)ntains iron. It crystallises 
ia the orthorhombic system. SkuitcruAiic, a Norwc*<;ian mineral 
crystallising in octaluxlra, is the triars(*niele, CoAs.j. 

A fairljj comnuai mineral is th.e ortho-arsenate, C();L\s0.j)2.8ll20, 
known as erythrite, or cobalt bloow. It is crimse*! ui eeaour and iso* 
morphous with vivianite (ferrous phosphate*). ()th(*r minerals arc 
a^bolan, earl^nj cobalt, or read, (C(»Mn)().2,Mn()j. IlLO ; aftd iinnwite, 
•(CoNiFc) 3 S 4 . 'iThe former contains anything from 2 to 20 ]H*r cent, 
of cobalt, and is fouitd in New Caleefeniia a^iel in S])ain. Hisnndo- 
amaliite, Co(AsBi) 3 . Carrolliic, Co^t'uS,. iVillyanrifc, NitoSh^S^, 

^ Jaipnritc, CoS. • 

^ Cobalt District, Ontario, Canada, contains the most iuTpbrtant ores 
of cobalt in the fe)rm of arsenides, assoe*iale*d with nickel and silver, 
the last-named metal rendering the ores very \aluifljle. Theif cobalt 
content ranges from 9 to 18 per cent? • • 

The j^escnce of cobalt in»thc sun’s pholv>sp1iere* has been determined 
spectroscopically.' • 

J'oi*the sake of convenient reference, tin- fore-going iiTmetals tre 
given in the tabic on page 20, t(»geth(*r with their ufore imj)Crtifnt 
physicifl constants. • 

Hiftory. — The word cobalf is the same ;is Uee (h rman f^tboUL and 
Greek a gpome or n^iliekms sprite*, and is akin to the’ word 

goblin, Kobold w#i.s ai)plied to a mineral associated with silver cjrcs in 
Saxony, the name bcn#g given Jjy' the miners be(*aus^ they regarded 
the ore as poisonous (Skeat). Up to 1540^the mineral was regarded 

»»iyess, but Scheurcr found that it •ffould colemr glass, and that. 
'fLuckyer, Cg^pt, rend., 1878, £6, 317. 
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^jivc it tt coiLiiicrc’ial value. In 1733 Brandt, first pr(‘|)nr('d a speeimon 
ot impure fneljillic eolvult, its identity beiiij^ confirmed by B(*r^niann 
in 1790, and a/?ain by Tastaert in 1799. Tlic real study of 1 iu‘ chemistry 
of cobalt compounds dates back to the researches of Thcnard (1802) ^ 
and of Proust (1800).'- • t 

Preparation of Cobalt. — The metallur^ry of cobalt is complicated by 
the fact that,col)alt ores invariably contain a certain amount of nickel. 
Since these two meUls closely resemble one another in their chemical 
j)ropertics it will be evident thi^t their complete separation on a com- 
mercial scale is a matter of considerable difficulty. It isj not usually 
re(juircd, however. Tlie details of the actual methods (cnploydl in the 
commercial production pf cobalt arc kept fairly sVeret, more particularly 
as regards the initial stages of the preparation of the crude oxide. We 
shall, therefore, content ourselves by giving ki outliiu' accounts of. a few 
different n'lcthods that may be employed. It is convenient to discus? ‘ 
the subject in 'three sections, namely : ' 

^ I. Preparation of cobalt oxide from cobalt ores. 

11. Purification of coba’t oxide. 

III. Preparation of metallic cobalt frdm its oxide. 


t, ^ t 

« . 1. Preparation of Cobalt O, vide from Cobalt Ores. 

(a) Arsenical Wiihler's metluHl consists in fusing the finely 

di\ided aijsenieal ores soch as sinaltite. skutterudit(', and cobaltite with 
t hree parts by weight of potassium ea»-bonate and thrt e f)f sulphur. An 
impure cobalt sulphide results, together with a sulpho-arsenate of 
l)otassium, whkh latter is readily extracted with water. The insoluble 
residue ,is agaki treated in the same manner, and the resulting cobalt 

‘ TWnard, Anh, Chim. Phys., J802, [il, 42, 210. ' 

’rouit, ibid., 1806, [i], ^ 200. 
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•Hiilpliicle, Alter extraction witli water* jjf free from arienic,^ bfit ^till 
contains nickel, iron, lead,eop]^, and bismuth in the form of sulphides. 
Prolonged roasting? in air or t#atjnent with nitric acfd converts all tTjc 
metaj^ intd^their sulpla1t(%, in \wu*oh condition they are dissolved bn' 
water. . Passajje of liydro^ron siil|Vliide Ihroii^di the ^icidulated solutio® 
precij)itates ihe h ad. copper, an<} hisinuth*as insoluble sul|)lii(les, and 
the sohntion eoiifruiiiii<jr irou, niek(||, anda'obalt #s tillered off. Addition 
of nitric aeid and ealel^in carbonate at the l>oilin^r'p{)int (•ffeets the 
oxidation and preeipita^on of^the iron in a basic eondifion. lenvii^g thav 
sidphatcs of cobalt and nickel in solution. 

Liebig's ^procedure “^consists in heating the finely divided ore to 
redness with potassium hydrogen sulphate until fumes cease to be 
evolved. On cooling, fhe mass contains a srtlnhle ilouhle sulphate of 
cobalt and potassium, which can he extracted with water, leaving a 
residue containing insoluble compounds, mainly oxides and arsenic 
derivatives of iron, nickel, and some cobalt.^ 

It is doubtful if these nu'lhods have ever been employed for nianii- 
faeturing jiurposes. Kunjpean arsenical cobalt on's have been worked 
fo» cobalt oxide by a process sfmilar to that (les(rribed latcM* (see p. 86) 
for working up arsenical niek(‘I ores. Moreover, a certain amomj^. of 
cobalt oxid(‘ is also deriveir from tin* arsenical nickel ores, since these 
usually contain appreeialile quantities of cobalt. • , • 

'flu* Knropean arsenical ores have now been larg(*ly ^lisplaeed by 
those from ( oiialt I)islri( t, Ontario, which have been woi^ed fof some 
years by tlie Canadian Loppei* ('ompany, who have eitiploycd the 
following process '* : • 

The ore is crushed and ground in ball mills to pass through a 3()-mesh 
efiieve. It is mixed with suitable Wliixes •(limestone and quartz) and 
smelted in small blast-furnaces having a capacity of 2.5 to .30 tons 
per tw(‘nty-f(mr hours. The products obtained are (i) tine dust, which 
is returned to the furnaces, and crude arsenioi»^ oxide, which is rc- 
sublimcd and sold ,* (ii) a silicate slag* which is thrown away unless it 
contains inq/e than 10 ounces of silver per ton; ^iii) crude sflver bullion, 
which > meelitnically detached and cupelled to a lineness of 901 before 
it is sold to silver retifters; and (iv) a .s^jeiss o^ cobalt, nickel, iron, and 
copper arsenides, containing cc^lsiderable amounts of silver. I'hc Aude 
silvc»* bullion contains aboMt three-fourths of the silver present in the ore. 

The speiss is crushed and jp^round with 20 per eeifl.*of sodium 
chloride till it i)assos a ;30-mesh sieve, and then roasted ifi reverberatory 
furnaces. The chloridised product is extracted wifli water to remove 
unchanged salt and soluble eompoifnds of* cobalt, nickel, and cdj)per. 
The colder is removed froai the licpior \ty treatment with scrap-iron, 
and the cobalt and nickel nre then precipitated with eaustjc soda, and 
the*'])r^cipitate washed, dried, calcined, and gf-ound. It contaiTis almut 
40 j)er cent, of whalt to 3 per cent, of nickel, since Hie latter x? not 
attacked so readily as tht former in ehloridising the speiss ; the mixed 
oxides also contain about 15 ounces of silver per ton. • 

‘ See \f6hl#r, Pog§. Annalen, 1820, 9, 227 ; Duflos, Schtcdfjgcr*9 J., 1H.30, 6o, 365. 

• Liebig, Pogrj. Amialen, 18,30. l8, 104. 

• Other methods have IVn siigj^t’sted, diief among which are tBose of Trommsdorff, 

Ann. Ckim. Phys., 1798, 26, 89;. ISOo, 54, 327; Qucsneville, J. hhartn. 1829, 

15. 241 , 41 1 ; Loiiyet, J. prakt. Chtm., 1 849, 46, 24 V ^*atera, ihid., 1 856, 67, 2 1 ; J)e Wifct, 
tfttd,, 1857, 71, 2.39. 

: .* - Bridge!| Camijinn Hinivg 15, 1010 ; Eny. Minitig J., 1916, ldl.C45. 
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*%e tcsiduc from the chlor'i^llscd speiss, nftcr extractioncof ^lubl^ 

cobalt and nickel ^salts, i.s exlpactedV with sodium thiosulphate, to 
dis.solve out silvA’ chloride, which fs recovered as the sulpliide and 
mhiced to nu tnl. The residue is /dried, ^«Trbund, and smelted with 
^arU to re!ii()V(;^niosl of the ironvis a shi". This slag is reworked 
with more ore in the hlasf-rurnaee^ as it contains silver and cobalt.' 
The new spei;;s simulli«ieousl^ prodjteed is treated as described above 
for reeov'f‘ring eolialt and niek(‘l, copper, aiuKsilver. The final residue 
is dried., inixed*wiUi ‘20 per cent, ot sody^im nitrate and 10 per cent, of 
wdium ^arbon^re, and roasted in reverberatory furnace to convert the 
'irs(‘nie into sodium arsenate, which is extracted with hot water. The 
Iried residue has th(“ followir^g average composition : 

• * 

(!obalt ...... 80-7 per cent. 

Nickel 28-5 „ 

Arsenic . . . . .1*1 „ 

Silver ...... 3 t-G oz. per ton 

and is sold to cobalt and niekt‘1 retiners. lletween December 1905 and 
February 1010, it is stated ^ that more than 

40,000,000 ounces of silver, ‘ 

2, ‘200, 000 pounds of cobalt, 

1.500.000 pounds of nickel, 

4.500.000 pounds of pure white arsenic (As^Oj), 

were produced by the foregoing method. 

(h) (IvUk Ores. — lIcTft'nsehmidt’s method ^ is said to consist in. 
mixing the ])owdered mineral (xaul) to a thin paste with ferrous sulphate 
solution, and heating to boiling. Sulphates of cobalt, nickel, ain! 
rnangane.se ])ass into solution, wliilst iron oxide, silica, and alumina 
remain behiur'l as an insoluble residue. Thus : 

2FeS()4 j t^inOg f CoO - Fe.,0.^ 4 TMnSO^ 4- C0SO4, 
w 2FeS() j } Vo.pl FePa f 2C0SO4. 

After filtration, addition of sodium sulphide to tho elearrtjolution 
effects the preeipitatiop-of the’ three metals, cobalt, nickel, and manga- 
nese, as sulphiclcs. Digestion with the calculated quantity of ferric 
chloride oxidises the manganese sulphide to sulphate, which passes into 
solution. The residue consists of cobalt and nickel sulphides, which 
are washed aiul eonv(Tted into their soluble sulphates by roasting. 
The sulphates are extracted with water, and converted into chlorides 
by Addition t>f ealeium qliloridc svdution. Their separation is effected 
as follows : Tlu* recpiisitc fraction of the clrloridc solution is precipitated 
wi^th milkjof lime, ami the insoluble hydroxides of nickel and cobalt 
tl\us obtained are oxidisvd to the black hydroxides by treatment 'with 
chlbrine. 'fhc washed precipitate is then introduced into the remainder 
of the chloride solution and the whole is well stirred and heated, when 
the black diydrati'd oxick of nickel passes into solution, displacing the 
refnainder of the cobalt from the solution into the precipitate. The 
final product is thus n sus|x*nsion of hydrated peroxide of cobalt in a 
si^lution of nickM chloride, from which the cobalt precipitate is removed 
by filtration, ^hlshcd, and jgnited to the black oxide. 

* Bridgo.*!, liic. cit. 

* J IX'scribod by Topanx, Traits de Chimit xMindrale, by Moimm, 19(^, Tol. it, 
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IT. Purification cf^obalt Oxide 

Cobalt oxide ol)tai!ie(] foregoinjj ineflidl:ls always containf a 

little oxide of niekel btsijcs sni.,dl amounts of other impurities. Tbft 
folloVtinj,' idialy^'s of two Canadian samples of th«^ eommereial oxi<f^^ 
rate this point. 

Insulublu 


will serve to ill 

Co. 


( 1 ) 

( 2 ) 


To-yu 

09-2 


Xi. ^ 

14 


Fi>. «.• 

% 

0-82 0-15 
•0-5() •0-54 


Ah. 

010 


8i()j 

0-20 


AgT 


jt'sidiic. 


0-50 

OOT 


traec A -40 


Sinec niyk(‘l and cobalt closely resemble one another in their general 
pro})crtics, it is, as already stated, tronerally unnecessary for commercial 
purposes to effect a comphte separation ofdhe two metals. Should 
such be necessary, however, to obtain a purer oxitlc of cobalt than the 
ordinary eommereial i;radc, several metht)ds may be ado|)ted. 

The crude oxide is dissolved in hydro(“hlorie acid. 'J'o the warm 
licpior linely (li\ ided ealeiiim carbonate is added ^n-adiially, with stirrinpf, 
until no ftirther precipitate is obtained. The precipitate beiiijj: removed 
b}i filtration, the solution is Tree from iroji, arsenic*, and silica. The 
solution is then preeij)itat^ed with a solution of bleachin^t po\v;ilcr,* 
added slowly with constant stirrinjr until almost the whole of the 
cobalt is precipitated as black hydrated oxide, lly this mcanfi pru’tsi- 
cally none of the niekel is thrown down. The preei))it{rtc is washed, 
dried, and e.deined to oxide. It is then boiled with sodium carbonate 
solution to coinert any ealeiufti sulphate inK> carbonate, and after 
thorou^di washin^^ is treated with very dilute hydrochloric acid to 
remove the calcium carbonate. Finally the t)xiile is washed, dried, and 
,tfaleined. • • 

Uy treating;' a crude oxide of composition (1) above in this manner, 
the product had the followin^r composition * : , 

Co. Ni. Fc*. S. Ah. *. Ca. SiOj. 

71 '99 OOll o n OOJ none 002 « none 

, It will be T)bser\’ed that practically the whofi* of the nickel may be 
removed by this simj^k* ])roeess. • 

When it is necessary to remove the nickel ?*ompleteIy, the folhtwing 
processes are available : , 


(1) The prejiaration cohalt jchloropeutammine chloriact 



from soiiitions of cobalt sajjts containing; ’lickel has been adopted as a 
useful commercial method cy isolating; the cobalt.® It is a crystalline salt, 
redolisb v?()let in colotir. nearly insoluble in ^*oncent rated flych’oehroric 
acid, and Is readily obtained by adding; 8 parts of concentrated a<ptcfous 
ammonia, 'containing; a lUtle ammonium chloride, to 4 parts of crystal- 
lised cobalt chloride dissolved in a small quantity of w^tcr. After 
aspirating air through for^scv^’ral lumrs and then exposing* to- air 

• * KAlmuB, J. Itni.^Evq.jChem.^ 19U, 6 , 107. ^ 

• Whoa fractional procijittation Vith & hypochlorite in u«c(l, and the solution contain) 
sotpl^te in quantity, w>dium hypochlorite eliould be cniploycd. * 

'* »oeren«en, Ztil4ch. anorg. Chem., 1^93, 5 , .ir-f; Copaux, Ainn. Chim. Ph%H., 1905. 
f?Un. 6. 508. 
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forS ^^'o Ui throe ^lays tlic rnixtiyjp assomes a red tintf whereupon it is^o 
acidified with hydrochk)ric acidij and d voluminous precipitate of the 
:?(fi)altamrninc is fjijt^iined. This is ^V!as^ed with aqueous hydrochloric 
ticid, and may he worked up into anf desirtid fohalt salt. ’Any nickel 
I^Vsent in the ori^nnal solution remaitls unaltered, a complete sepalration 
)f t he t wo metals heiruj thir; effeetedj 

(2) Cobalt chloride* iv^dily <^issolv(is in ether saturaKxl with hydrof^cn 
chloride, yieldin^f a blue solution. Nickel ehlt/J'ide, on the contrary, is 
g[n.soluble, beiiif* j)reei[)itatcd as the yellow,^ ai’ hydrous salt. The 
separation of nickel frofu cobalt chloride inay thus be effected as follow^*, : 

A kilo^^ram** of crystallised cobalt chloride, already freed from' 
metals other* than nickel, is dissolved in lG0(f grains of concentrated 
hydroehhu’ie acid and jvmred into G litres (k‘ ether saturated with 
hydro^ren chloride. After filtration the ether is evaporated off, leaving 
a residue of cobalt chloride.^ 

(G) Fischer's Xitrite Process hinjjes on the fact that when potassium 
nitrit(* is added in ex(?ess to a solution of a cobalt salt eontainincf free 
acetic acid, a yellow precipitate of ])otassium eobalti-nitrite is obtained. 
Nickel does not yi(‘ld an insoluble salt tender these conditions, and. an 
effective separation of the two metals may thus be made.- ' 

ft) Mond's Process. A very complete' separation of nickel from 
cpladt may bo effected by redueinfj to the metallic condition and 
removin^r thg nickel in the form of volatile nickel carbonyl by heatinpr 
in a (yirrent*of, carbon monoxide,® Cobalt does not yield a carbonyl 
under the same conditions. 


III. Preparation of Metallic Cobalt from its (Ivide 

Commercial oxide of cobalt, as obtained from the smelters, consi.sts 
essentially of^cobalto-eobaltic oxide, C03O4, and a eareful study has 
been made by Kahnus^ of the conditions under which this 'oxide may 
be reduced to metallic cobalt. 

(1) PeditLtion of the (hide xvith Carbon. — l^y heatinjr eob^lto-cobaltie 
oxide with carbon in a' furnace reduction ensues, earbop monewide or • 
dioxide or a mixture of the tw'o beiiijr evolved acctTidinir to circumstances. 
Thus. : 

Co,04 + 4C =- 3Co + 4\CO 
‘ -1 4CO -- 3Co -I- 4C(),. 

V 

Charcoal and lampblack effect the reduction more easily than anthracite, 
compiete reduction beinj» ejfecteds with the former at 900° C., some 
20 to 80 per cent, of charcoal in excess ol^that recpiircd in tive above 
equation being desirable. At higher temperatures the reduction pro- 
ecetls much more rapidljr. By briquetting the charcoal and neobalt 
oxido, using some organic material, such as molasses^ as binder, reduc- 
tion may be effected at a slightly lower temperature. c 

In the fominercial production of cobait the oxide is usually heated 
with charcoal in the manner described, for nickel. 

* Pinerun, Compf. rend., 1897, 124 , 862. 

* Sec p. 60. ' * ’• 

• Dctailii of Moad’s procp.ss ni^g^civen on pp. 87-88. o 

• KalmuM, Cnnndutn /)i>pttrtment\' Mines, Ottawa. 1913, Report 259: J. IndlJ^nn, „ 

'C»m.^,19U, 6 , 107. I/O 
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(2) niduciiori of the Oxide Mh Hydrogen. — This J)ejTins fft t( 

200® C., and proceeds easily Jt 250® jC.' Retwcen 500® and 700® C 
more than' 90 per cent, of tlir o^cide is reduced in » few minutes, pul 
further reduction is sl'oNf. As if he temperature rises the rc'ductiof 
beconies inore rajiid and eompr't<‘. whilst at 1100® C. it is raping 
completed. The eobalt must U* cooled '•in hydrogen as it is very 
suseep^hle to (>\i(lation. For rie jm^duetiow of a pure? earbon-frec 
metal this method is rt^onnnended.- • j 

(3) Reduction of th^ Oxide u ifh Carbon Monoxidt*.- WcducCion ^ 

Qpbalto-cobaltie oxide to the* metal takes plao.* rapiljly, amf is quite 
complete aj 900® (’. 1 let ween 350 ' and 450® C. the reaction is very 

interestinj,'. At first some oxide is reduced to metallic hobalt ; after 
a time the linely di\ided metal decomposes lln' carbon mono)«*de, 
deposit in<^ solid carbon, presumably in the same way as its analofrue, 
iron, namely : 

Co -I 2FO - Co } C I (’(V 

At about 000® (\ the eobalto-eobaltic oxide' is reduced to eobaltous 
dxide. CoO, and if this is removed from the furnace and exposed to the 
aT it becomes ineamleseent in eonsecpienee of re-oxidation to the ln<,duT 
oxide : • 

0('()O 1 0.^ - ^ ‘iCcKjb^. 

(4) Reduction of the Oxide u ith Jluniinium.— This *]s known as 
Goldschmidt's iiroces, S', and hin^^es upon the fjjet that the neat of foi^nution 
of aluminium oxide is 392-0 kitoj^^ram ealorieS,'* which is hif^her than 
that ofinostothermetallie oxides* - in other ^'ords, aluminium is capable 
of rethieinir such oxides to th<' free metal Ijy reason of its irreatei* avidity 

’T)r attraetioji for their oxygen.® •riu' heat of format itm of Co.,04 is 
193- 1 cals. Nf)\v to reduce three molecules of eobalt o-eobaltie oxide to 
metal recpjires 3 X 193-4 580-2 cals. Thus : 

OCo/)^ 9Co -I GO2 *- 580-2 enls. . . . (i) 

By oxi(lising 8 atoms of aluminium to 4 molecules of oxifh-, 4 X 392-0 
=•• 157')- 1 eal% are liberated. Thus : * 

8Al*-f- G(X 4AI/).,^|- 157(4-4 eals. . (ii) 

Combining ecpiations (i) and (ii) we have : 

3C03O4 -f 8AI - 9(’o } 4AI2O3 1 990-2 eals*. • 

In other words, the reaction is strongly exothermic*and, when once 
started with an ignition powder such as a fuse of linelf ilivided afuminium 
and potassium chlorate wrapped in*pap<T -(Kalmus), will proeeeff very 
vigoroiftly to completion. •Tlic metal mt^ be produced in this way in 
a very pure form containing less tlwin 0-1 per cent, of alumJnJnm .^nd, 
of course, entirely fre*e from carbon. 

Preparation it Cobalt by Electrolytic Methodi. 

Cobalt may be obtaifted by the electrolysis of aqin.uu» suiuuuiis 01 
cobalt sulphate containing ammonium sulphate ami hydrexide, using 
a platinifm patho^le and aiuxle. • 

* Moissan, Ann. C%ini.d*hy^., 1§80, 2 /, 242. 

* KalmuB, he. cit. * 

*«For notes on thornio-cheniisfrj- we this Sem-Sj 1, 2n<I rd., 1917, p. 16J. 

*^er equivalent of oxygon. ^ 

* This isitho principle of the reactions with thermite. 800 tliis Sorips. Vf>I.IV,p. 59 * 
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r • - 

€n prcpariii^y a specimen ofihp puit metal for atomic weiffht deteK» 
rninations, Winkle r found the foyiowinglsolution useful : 

. • -t V • ^ 

100 e.e. coOjilt sulphate solu^on, e^nUiining 11*02 grams of 
enhall pt‘r litre*, | 

;i() grams anifc^ioMium hyelroxidt^of densitv 0*905, 

500 e*.e‘. wale'i*, 

« 

emple)yim( ii e*m’rent ele*iisil.y e>f 0*0 amperes. 

* The* metal eihtaineal in this way contains a ^rna!l quantity of oxide, 
hut t his*may he* veAliie'^el hy heating in a current of hydrogen gas.' € 
Preparation^ of Cobalt in the Laboratory. — For laboratory pur- 
poses ee)ha,lt*inay reaielily he obtained by reduction of its oxides by 
hyelroge*n at te*mperaturei; abewe ‘iSO"* C. ; by Heating the chloride ^ or 
})urpur(*o salt te) re‘elness in a current e)f the same gas ; and by calcining 
(he* eixalale; e*ilhe*r in a eleyseel vessel or in an atme)sphere of hydrogen.'* 
This thirel me thod invariably yields a slightly carburisc'd metal. Ceibalt 
may be ol)laineel in the weT way by precipitation from faintly acid 
solutieins of its salts by metallic magnesium, as also from ammoniaeal 
se)lulie)ns with metallic /inc.'* *' r 

Kle*etre)lytie rcHluetiein of the dendde cobalt ammonium sulphate®*^m 
the presence of amme)nium hyelroxielc, or of the double e)xalate in the 
IVe^nce e)f exce*ss e)f ammemium e)xalate, yields a very pure metal. 

Pyrophoiic Cobalt was described by Magnus in 1825,^ who ])re- 
pareel jt by i*felue*tion e)f its oxielcs in a current of hydrogen. The best 
temperature of rediurtion ® appears t(y be 250'^ C. If the reduction is 
effected at 700 ‘ ('. the cobalt is not pyrophoric. Pyrophoric cobalt is 
a black powd<*r, which burns brilliantly when exposed to the air in 
conscipience of rapid oxidation. i 

Physical Properties. -Cobalt is a silver-white metal which, when 
pure, may be machined in a lathe us readily as pure nickel or pure 
iron. TIu; conmiereial metal, containing small percentages ‘of carbon, 
machiiK's after the Aianner of nqld steel. When under corresponding 
conditions cobalt is harder than nickel and iron.® The effegt of carbon 
between 0*00 and 0*07 per cent, is not sutlicicnt to cou interact Chat of 
slight variations in the’heat trrtitment. The teftsile strength of cobalt 
whoR pure, cast, and unannealed is 34,*t00 lb. })er square inch, which 
value is increased to 59,700 lb. with a carbon content of 0‘0G2 per cent. ; 
and to 01 , two lb. when the carbon reaches 0*25 per cent. '' 

The speciliA electric resistance of cobalt wires of great purity is 
89*01< X'lO ^ ohrns'per cm. cube, but this value increases enormously by 
the iwidition of small quantities of impurities. 

^ Winklor, Zcit.'trh. tinorg Chnn., 1895, 8, 1. Seo also iipcqucrel, Compl. rend.t 1862, 
55, 18; hdisbautlnin, 'Oiid., 1871, 73, 1,322; ManafeW, Zei^*ch. anal. Ohtm., 1877^, 16, 
344? Wohl, ifitd., 1879, 18, 523 jt-Fiesonius ami Bci^inann, ibid., IS80, 19, 314 ; l*fblilucht, 
»6i(#?,cl88;i, 22, 493,. 

* Poligot, Compt. rrnJ., 1844, 19, 670. 

* Shiirswood, Monit. Sciiiit., 18,'>9, 2, 889. 

* l)ovillo,« 4 m«. Chi in. Phtju., 1856, 46 , 202. 

*• Housain, ./. Pharm. Chm.t 1866. 3, 413 ; J. b.. Davis, Chtm. News, 1874, 30, 292 i 
dhcin. Soc., 1875, 28, 311. , 

• Soo p. 34. , . • 

^ Magiiua, Pogg. Anmlen, 182.5, 3, 31 ; Ann, Chin. Pkijs., 1825, [il], 30, 103. 

• Moiasan, Ann! Chim. Phijs.,^H^0, 21, 242. ' 

• Si'c^HoMone, Chem. Neu'.i, 187.‘??'27, 215; Kalniua and Harjjor, Canadian 
it of Mines, Roport 309; Ottawa, 1914; J. Ind.Enh, Chfm.. Iftix. •» ft.o 
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Cobalt is mapfnetic at all Ibinpcf^turos up to i^out at 

which point it becomes non-Aiv«neti>..^ When placed in a magnetic 
field a bar of cobalt increascsnn length,- and it is in*^eresting to nothin 
this Q^nucejl^ion that this ifiagiR*ti| cloiigation for both cast and annealetr 
cobalt becomes praetieally nil benveen 1100’ and 1200^ C.® ^ 

The der.iaty of pure cobalt ^)ntaiuiniP 00 !) per' cent, of the mefld 
and a 4raee of iron, but niekt| or ej^-l)on, !)> given as fidlows ^ ; 


Condition of metal. 

Zr • • 

^ Density. ^ 

• 


* 

• 

Cast from just above the melting-point (e. 

8-75fi2 nt 1 5° C. 

1500" C.) . . . . . . • . 

Cast and swaged down to a thin cylindrical bar 

8 0227 lit 10° C. 

Cast and annealed from 700" C. . 

8-8 106 at U-5° C. 


From the foregoing it is evident that the mechanical liistory of the 
n^'tal has an inij)ortant influence upon its density, as is usually the ease. 

The density of pure elect rolvtic cobalt foil is given by Winkle^® as 
7-9078 at 20’ C.« * ' “ - 

The coeftieient of linear expansion of cobalt is given by tlif* expres- 
sion ; 

a - 0-00001208 {- 0 000,000,0128/ 


between O'* and 121" 

The melting-])oint of cobalt has been ddermined by a considerable 
^number of investigators, the most reliable results being as follow : 


Melting-point, 

°C. 

Authority. 

• 

1478 ±^-l 

• 

Kalmus and lIar]Rr, opus cit.^ * 

1477, 147t^ 

Ihirffcss and Waltenb^rg. Hurrau Standards, Washing- 
ton, 1913,^0, 13; 1912 % 475. 

1464 

Ihirgcss, ibid., 1007, 3, 350. • 

1490 

Day anfi Sosman, .dmcr. J. Sri., 1910, 93. Con- 

stant V 0 IUI 14 ,* nitrogen themionieter. 

1491 

lluer and Kaneko, Ferriun, 1913, 11, 'l3. 

• • 


‘ Gufrtlor and Tammann, Z^tsch. annrg. 1004, 42, nr>3. 

* Barrett, Chem. Ntwa, 1870. 33, 2l)G ; i'ltil. 3/a;/., 1874, [i\ j, 47, 51 ; Nature, 1882, 

26f5l5, 683. • 

* Honda and Scliimizu, Phil. Mag., 1003, [vij, 6, #02. 

* Kalmua and Jiarper, Cana>Ium’ JJrjMrtmejH a/ Miury>, llepori 300, Otta’*'<^*1914, 
p. 6; V. Ind. Eng. Chm., 10*5, 7, C. 

* Winkler, ZeAtsch. anorg. ('hem., 1895, 8, 1. 

^ Other data are 8*8 at 15° C. (Copaux, Comfit. reiM., 1905, 140, 65f ; Ajin. Chim, 
Phw.. im, e, 508), £-718 at 21° i’. (Tflden, Chem. Nev's, 1808, 78, IH), 8 B (G. Neumann^ 
and Streintz, Morntth., 1801, 12, 042), 8*5 at 15-6° C. (Bottone, Chem. Newn, 1873, 27, 

216). % , . . t 

’ Tatton, Chem. Newn, 1800. 79, 229 ; Pror. Roy. Ear,, 1800, 6|, 300. 

' ^ Other values are given hy Copaux, lor. rit. ; G>iart]er and Tammann, Zeitsrh. anorg, ■ 

1904, 42, 353; 1005, 45, 2*23; Camelley, Rrr., 1870, 12, 441 ; Pic(!t*t, Comjji.- 
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Cobalt boils 2415° C. untl^r 80 Aim. pressure.* .Its specific hiif 
has been determined by numew)us im^stigators, the more important 
refjjits 2 beirij,^ as folfow : ^ | 


^ Npecific 
• IP'iit. 

Tom pen'll urn 
r.'iriyf, "f;. 

f 

( 

Authority. 

, . , ■ 

« 


/ 

• 0- 10703 

2/) 100 

Schmitz, Proc. Not/. >.^oc., 1903, 72, 177. 

• OlO.I.'fc 

1 /fc <00 « 

Kalmus and Harper, opii.i cit., p. 43. * t 

01050 

15-100 

Drisko, quoted by ditto, p. 43. , 

0101 

• 20 100 

Copaux, he. cit. * 

/filden, Proc, Roy. SoL. 1900, 66, 244 ; 1903, 

01 03 

15 100 



71, 220. 


The speeilie licat at any temperature between 0“ and 800° C. may 
be ealeulatcd ^ from the eciuation : 


Speeific Heat r-. 0*1058 -f O.O 4457 / + O O-^GG/-^. 

The most intense lines in the spectrum of cobalt are as follow * : ' 

'Arc: 3405*27, 3443*79, 3453G6, ^489*57, 3502*45, 3529*96, 
05G9 59, 3587*30, 3845*60, 3894*25, 3995*45, 4121*52, 4531*12, 
5444*80, 59tG*73, 5984*40, 5992*11, 6006*50, 6007*85, 6049*34, 

, 6082*67, ^6282*89, 6320*62, 6348*00, 6450*51, 6455*30, 6478*10. 

Spark : 2564*13, «2580*42, 2582 33, 2663*65, 3845*65, 3873*30, 
3874*14, 3894*26, 3095-53, 4118*94, 4121*51, 4531*20, 4581*82, 
4813*70, 4868*01. 

Occlusion of Hydrogen by Cobalt. — Ilydroijfen is readily occludecf 
by cobalt to ap extent dependent upon a variety of factors. Chief 
amonj^st these, arc : 

(1) Temperature.-A!i)\ni\t slowly occludes hydrof^cn in the cold, but 
at its tern j)erat lire of reduction, luimely, 400° to 500° C., its occluding 
power is m'bligiblc. some intermediate temperaturr oceliision 
progresses at a maxiinum rate.® Cobalt obtained by*^redueAon in 
hydrogen but cooled in i;*itrogen occludes an inappreciable quantity of 
hydrogen. 

(2) Length of Krpa.vior.-— The amount of 'i)celudcd hydrogen tends^ 
towards a ihnximum with increasing length of exposure of the metal* 
to that gas. ' 

(3) l%jsk<il Cofidition of the Metal. — ^I'he more finely divided the 
mctaP'thc greater is power of dccluding hydrogen. This probably 
explains many of the apparently anomalftois results detailed' in the 
literature on the subject. Thus, for example, cobalt reduced from f,he 
broAiide 'docs not possess d he property of occluding hydrogen tb any 
important extent.® The metal obtained, on the othci hand, by reduc- 
tion from its oxides contains varying amounts of the gas. Reduced at 

* Ruff Zeibch. ctnorg. Chem.f 1914, 88 , 410. 

* ilther data aro given by Regnault, Ann. Chim. Phy.<i., 1801, 63 , 6 ; *1856, 46 , 267 ; 
Pionohon, ibid., 1887, xi, 33. 

* Kalmus and Harper, opun cit. 

* Kxner and Hnfvhek, Dir Sivktren der Elnnrntc br.i nonnakm Druch (Leipzig and 

Wien. 1011 ). ' % . 

^ • Ra.x)5t>r„ Amrr. Chrm. 1899, 22 , .351. 

* R^xter, lor. cit. 

t, t 
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,400° t, Jroost’and Hautefeuile ‘ Mud it to contMn apprbxi#^} 
100 times its volume of hydr^en, wjtfi which it reacMly parted Uj^I 
heating to*200° C. in vacuo, ft'lle explanation a^^rs to be that Inc 
volatility 6f cobalt bromide allows the metal to be deposited, upon 
rcducTton, ifi a more compact fomi than that obtained from the oxii^c, 
so that its occluding power is j)r<^)ortioiiat#ly rcdiic.'d.* 

Neignann and Streintz ® ol)|crved^ that repeated o^wdation and 
reduction tends to diminish the power of cobalt to occlude Jiydrogcn, 
As llaxter has pointed, out, this is probably due to Mic fact that tJie^e 
operations tend to render *the cobalt increasingly compact. Tfl? 
•presence o^ impurities docs not appear to affect verf materially the 
occluding powers of eoHalt. • 

Chemical PropertHs. Cobalt is not sensibly alten'd by exposure 
to air or water at ordinary temperatures, but becomes supc'rticially 
oxidised at red heat.^ After being mainttiiiied at red heat for some 
time in jin a;inospherc of pure nitrogen, the metal beeomes less suscep- 
tible to attack by nitric acid, possibly because of the formation of a 
passive nitride.^ 

* Cobalt thus resembles iron in exhibiting passivity, although to a 
lAs extent. Concentrated nitric acid attacks it, but acid in the propor- 
tion of one part water \N^ith two parts concentrated acid dissolves 
cobalt with extreme slowness.® , 

The m< tal dissoh es slowly in hydrochloric and in dijiite sulplfunc 
acid, evolving hydrogen. It combines with chlorine aad bromin^ under 
the influence of heat, yielding* the anhydroiyi chloride! and bromide 
respectively. Neither cold nor hot solutioj^s of sodium or potassium 
hydroxide attack cobalt unless the metal is simultaneously made 
,an anode.’ ^ • 

Heated in ammonia to about 470'^ C. cobalt yields a nitride which 
decomposes at 000"* C. Heated in nitrogen j)eroxidc it burns with 
incandescence, yielding coballo-cobaltic oxide, ( ^304.* • 

Klect roly tic cobalt does not contahi nitrogen, afid yields no ammonia 
on heating in a current of pure hyarogen, thereby differing from its 
congv-ters, )r<4|i and niekc'l. • 

When obtained ima linely divided*state W reduction of its oxides 
at 250^ C. cobalt is })yropl*)ric. In this condition it deeon^)oses 
acet^denc in the cold, tin becoming incandescent. A j)orlion of * 

•the acetylene polymerises to benzene, whilst the reifltiinder yields* 
carbon and hydrogen.® • v 

Ueduced at 400“ C. the metal is not pyrophwie, but orcludcs a 
considerable volume of hydrogen. The reduced metal decoiiiposcs * 
carboimuonoxidc at 350“ t^ 450“ C., dcpc^sithig solid carbon. Thus : 

^ Co -f«2CO Co -\ CX)2 4 C. 

In tins respect, again, cobalt closely resemlifes iron. 

* T«oost and rend., 1875, 80 , 78 K. 

■ Baxter, he. cit. ; Kichards and t'uKhinan. /*n;r. Awrr. Anid., ISirj, 34 , 3 ;l 3 . 

* Neumann and Streintz, Monalsh., IHUI, 12 , 542. • 

* Kegifault, Ann.J^^hm. PhifS.^Wi^ 62 , 352. 

* St. Edme. Con^tt. rend., 1889, 109 , 304. S<-<- rIku NitkleM, ifnd., 1853, 37 , 284; 
Pogg. Annalen, 1853, 90 , 351 ; Hit^orf, j^eiheh. phynkal. Chem., lUltO, 34 , 385 . 

* Acworth and Armstrong, J. Chent. Soc., 1877, 32 , 64. 

’JTubandt, Zeitsch. anorg. Chhn., 1005, 45 , 368. « 

* Sabatier and Sendcrens, BvU. Soc. chim., 1903, 29 , 294. 

* Moisaan and Muur^u, Bull. Soc. 1890, 15 , 1296. 
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Tbc metal ii]ifO combines wmler special condition witl£ nitrogc»>f,u 
peroxide to form nitro-cobalt, &^(NA), When heated with silicon 
in 'the electric fuonace, silieides are* produced, whilst warming with 
diirbon monoxide under pressure eKcets tdie production of cobalt 
tcfi-acarbonvl, ro((T)),. Heated in nitric oxide to 150*" C. the'lmetal 
burns, yielding the monoxide. ; at rcddieat it decomposes steam. 

‘‘Asymmetry” of the Cob^t Atc(p.- -Optically active conp)ounds 
()[' cobalt have been ])roduccd, indicating that^their structure is asym- 
4U'trio.* ' ^ 

Atontlc Approximate Atomic Weight. — That the atomic 

weight oreobaltfs approximately 59 and not amultijdcor sul^^rnultiple of 
this amount iS evident from a variety of considerations, namely : 

(1) The s[)C(ulic heat of cobalt is 0-108. Afisuming a mean atomic 
heat of (I- 1, the atomic weight, according to Dulong and Petit’s Law, is 
apjiroximately 5J) i{. 

(2) 'riic most ap])ro])riate position for cobalt in the Periodic Table 

is, as explained in the opening chapter of this volume, between iron 
and nickel. Assuming the atomic weights of iron and nickel to be 
correct, we shouM ex|)C(!t the value for cobalt to be greater than SS'Si 
(at. wt. of iron), but less than 58-68 (at. wt. of nickel). ' 

(fi) The colialt alums are isomorphous with those of iron and 
aUupinimu, and therefore, by the ajiplication of Mitseherlich’s Law, 
they must Ijq assumed to contain two atoms of cobalt, their generic 
formula being': •. 

Again, doulile eobaltt)Us sulphates with alkali sulphates are isomor- 
phous with those of nickel aiuLdivalent iron, from which it may similarly^ 
be gathered that their formula; are given by the geni;ric scheinc : 

M 2 S() 4 .CoS 04 . 6 ll 20 . 

Analyses of these 'comtiounds indicate that the atomic weight of 
cobalt is 59-0^ ^ 

pjxacf Atomic Weight* Until 1857 the accepted value for' 1 he atomic 
weight of cobalt - was. derived from a single experimVhit made by 
llothpff in 1826 2()9-2’'|)arts of CoO were found to be eipiivalcnt to 

1029-9 of AgPl, whence C'o 58-9. 

In 1857.. Schneider * analysed cobalt dkalate, determining *the^.. 
carbon dioxide obtained by its combestion and the metal left after 
igniting the salt in air and subsequently in hydrogen. Four analyses 
gave yic following result : 

Co : 2 CO 2 : : 100-000 : 146-6Qp whence Co ^ 60 006 

♦"fhe following year Marignac ® made a number of preliminary 
experiments" on the atomic weight of cobalt. In two experiments 
annyhrous eobah sul[)hale was calcined to oxide : • 

C\iS()j : CoO : : 100-000 : 48-287 Co = 58-761 

‘ WVrner, lirr., 1<U4, 47, 3087. - i , 

* Allatomio wiMght.s quoted in this section have been recalculate 1, usinj» the foilowing 
autocodoni dat^i : t>= 10-000, H = l-tH)702, 0 =;, 12-003, N = 14 008, S =* 32*065, 

Cl « 35-457. Hr 7<>-916, I == 126-92, Ag == 107-880, Au = 197-2. 

* 800 Berzelius, Pogg. AnnaleHf 1826, 8, 184. 

^ * Snhneidcr, Pogg. Annalen, 1857, xoi, 387. 

* Mrrignac, ArcA. Set. phys. mi., 18.58, x, 372. 
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In anoHicr four experiments Jhihyc^ojis cobalt cliloridc was anijjj>tlc( 

for chlorine^by titration with ‘ • 

! 2Ag : Coda 100*000 : GO-118 wlMiec Co 5S-79'i 

In ?f860 \)imias’ analyses of j^nliytlroiis cobalt chloride appeared* 
Five analyso.-^ j»avc the followin^^ mean resAiJt : * 

• •‘iAjr : CoCla : : llo oO(^: G()*2‘J*i Co - oD OSi 

In 1SG8 Uusscll 2 rcdiiecd jnirc cobaltons oxide lo^tlic metal in M 
sWeam of liydro^ien, ancl as the mean of liftee.^ expejiinicnls ^btainefi 
Ihe followin^f result : 

(’<)()• Co : : 100-000 : 78-50*2 ^Co 6S'736 

Three years latc-r, Sommaruiia ^ madt- sevt-n analyses of purpureo* 
cobaltie eliloride by heating it until eobaltons chloride remained, and 
reducing' this salt in a stream of hydro.i,^*n : 

(\)(Ml 3 )-CI., : Co : : 100-000 : ‘2;hS*27 Co - ofMWO 

In 1807 IVinkler^ made live determinations of the amount of ^'old 
precipitated from sodium aurtehlori<le solution by a Ljivin weight oC 
cc?l)alt ; 

‘2Au : ;ro : : 100-000 : 15-17*2 Co of'SSO 

In 1808, Weselsky •'* analysed ammonium and phenylaiiimMnffitli 
cobalti-eyanides for <'ob:dt by ij^nilion in a stream of i4<ii •oj^en, two 
experiments with the lirsi and dlbnr with tla-.-'ceond salt, tjivin;^^ the 
following results : 

(\n ,);,Co(CN)rt : Co : ; 100-000 : Co r>!H)S6 

((‘on 5 .NH 3 ) 3 Co(CX ),5 : Coe : 100-000 : n -S(3(>5 Co • ^ o0 017 

In 1800, llussell'*’ redetermir\e<l the atomic wei^dit of cobalt by dis- 
solvin^jf the metal in liydroehlorie acid and measurin^f*lhc hydro^;eii 
evolved. Computing his results with tlu- naxh rif yiflue for tlu! dei»sity 
of hydroL^en. his eleven experiments ^five the followin^r me^in result : 

Co : : 100-000 : ;.MlT‘2 Co rjtHJ77 

w • • 

In 1871, Lee ’ determined th<* pereentafe of cobalt in l»rueine 
cobalt i-cyanide, strychnine cobalt i-eyaiiide, and puri)ureo-cx>f^altic 
chlofide ; • ‘ 

(CjsgllagNaOilanjCcKC'XlQ.lOHA/iCo :: 100-000 :;i-7 l-;i7 • Co . OU-m 
(C2iHjj2X202)3ll3Co(CX)fi. tlljjO : C(» : : 1 00-000 ; l-5f05 Co % o9 096 
Co(Nll3)5Cl8 : Co : : 100-000 : ‘2;i-57!lo Co ^ 096 

In 188G, Zimmerniann ^ made ten extremely concordant analyses 
of tobjiltous oxide byrfeduein^ it to the metal in a stream cj’ hydroj^en : 

• CoO ; Co.; : 100-000 : 78-085 . Co ^ rj^^89 

• • 

* T)uma«, Ann^ilen, 1860, 113, 2rf. 

■ Russell, J. Chem. Soc., |ii], i, Al. 

® SomiiTaruga, •Sitiungslter. A’. U'iVh, I 8 G'i. 54 , 50; MC-e also Schneider, ' 

Pogg. Anmlen, 1806 ,^ 30 , .‘tlU. 

* Winkler, Ztilsrh. anal. Chem.^ 1867. 6, 18. 

» Weaclsky, Ber., 1868, f, 692. 

« Jlussell, J. ChcM. Soc., 1869! [ii], 7 294. 

^ Xee, Anur J. Sci., 1871. (iiij, 2, 44. 

: * Zimmenuanii, iinni^n. 188^ 23g, 324 
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t^iothcr series of tweiity-^ur ei»|)erimcnts on fhe rcAuc^on 
cobaftous oxide \Vas published ^lortly ufterwards by Remmler ^ ; 

. " CoO : Co : : 100H)A) : 78-613 whence Co =-- 68-SI2 
111 1803-1 891*, Winkler® piiblish^l the Results of his Experiments 
^i> the atomic wcifrht of cobalt. First, pure cobalt was converted into 
the neutral chloride, and iU six exiY^riments the chlorirrs determined 
gravimctriefiHy as silvct chloride : ♦ ‘ - 

2A^r(:| : Co : : 100-000 : 2e'864 Co - 59-812 

^ . In a^ second si^ries^ of six experiments the' chlorine in the neutral 
chloride* was (V;termined volumetrically by Volhard’s method after , 
rcinovin*r tin; cobalt with potassium carbonatcc The ratio of cobalt to 
silver was thus (‘stidilishcd and checked by two experiments in which 
colialt was allowed to dis*[)lacc silver from silver sulphate solution : 

2Ait : Co : : 100-000 : 27-705 Co =r 59-776 

In a third series of ei<rht experiments a weijrhed amount of cobalt 
was (lissolv(‘d in excess of a standard solution of iodine in potassium 
iodide, t he excess of iodine bein^r then titrated with sodium thiosulphate : 

• I 2 : Co : : 100-000«t 23-162 Co -- 59-556 

Ji\ 1805, llem|)el and Thiele’s determinations appeari'd.® Three ex- ^ 

perirnents on the reduction of cobaltous oxide j^av-c t he followiiifr result ; 
*• “ CoO : Co : : 100-000 : 78-666 Co 58-998 

In anotluje series of seven experiments a weij^hed amount of cobalt 
was c(inverted into the anhydrous chlpridc, and the increase in weight 
noted : * 

Cl,j : Co : : 100-000 : 82-873 Co = 58-769 

Finally, in four of the }>iTccd?.%^ experiments the chlorine in the 
anhydrous chloride was estimated as silver chloride : 

, 2AjrCl : Co : : 100-000 : 20-556 Co 58-929 

The lorejL;oin<^ te^ftlts arc of little or no value in comjiarison with 
those that have l)e(‘n subscqueiilly obtained. They vary very con- 
siderably, blit imd()ubtt.'dly point to a value round abouti»50 Ibr the 
atomic weif^ht of cobajt. The results obtained by ScMneider, Soni- " 
niaru^ui, and Winkler aruj»much ni<;her than all the others, and it will be 
notidod that in the hands of Lee, Sominaruj^a's method gave a much 
^ lower vahu\ ^ « 

In 1807 181^0, the work of Uichai: 4 ls and Baxter^ on the atomic 
weij'ht qf cobalt was published. Anhydrous cobaltous bromide was 
prepared by direct union of the pure elements and the ])roduct sublimed 
in a stmnn of hydrogen bromide and nitrogen. The brommj| in the 
salt was determined by the two usual mcBiods, the amount of silver 
rcqmred to nrccipitatc it being first measured and then the precipiti^ted 
silv;er bromide being collet ted and weighed. The final results vv'^cre as 
folloV : " ‘ 

8 expls. 2Ag : CoBr.^ : : 100-000 : 101-407 Co = 58-964 

9 exptsi. ' 2AgBr -. CoBr. : : 100-000 : 58-255 Co = 58-969 

* ^ Keinmler, anurg. Chem., 1892, 2 , 221. ^ 

* Winklor, ZeiM. anorg. Chm., 1893. 4 , 10, 402 ; 1894, 8 . 1 ; cf. 1889, 32, 891. 

* Henipcl and Tlaele, Zeitsch. anorg, Chem.t 1895, xi, 73‘.' 

* Richards and i5axt«r, Proc. Amer, Acad., 1897, 33 , 113 ; 1899, 34 , 351 ; 1899, 35 , 
81. Alaa-in Chem. Newe^ 1898, 77 , 20, 30 ; 1899, 79 , 199, 208, 219 ; 1900, 81 , 11 ^ 126, 
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- — I f by <{j| series of cxpwtjncnts in ^pd 

anhydrous bromide wa^ ivdj^'ced ^ metallic ^oJmlt by licatin^lt 
lin hydroge)ii. Tweh e experin5*i«« tlic followiif^ mean result : : | 


Coin*, ; Co :4 ilOb OOO : 20 052 whence Co ; 


ssm 

' ' i 


It is seen that the atomic w'ei<,dit tJiuf.‘oI)taine^ is practically th<J 
same as that de«iv(al from tlic j,yrcenta<(e of J)roinine in«tlic saft, ait 
indication of the liijrh <lc|fr(‘c of accuracy of the cxpcrijiienlal*work. 
Richards and Ihixtcr also aualyscd the cJiloridc and oxide of cobal&' 
was n(»t found j)ossiolc to* prepare the anliyd>‘ofi.s elilorid^ wholl^; 
; rfree from alkali chloride and silica, so that their t wo reductions of th0-‘ 
. chloride to flic metal ait sliijfhtly in error : * , 


cf. 


Co : : lOO-OOO : sn-2(i0 


Co ^ 59-04t 


The analyses of cohaltons oxide were also rej^arded with suspicion^ 
owin^ h) the dilUculty of aseertaininj; whether the oxide is free from 
excess of oxyj,a'n. Five experiments were made : < 

(\)0 : Co : : lOO-OOO : 7.S ()59 Co — 5S-97S 

•With the subsequent invention of fused <|uart/, vessils it became 
•pdlsible to |)repare pure aiiliydrous cobalt chloride. Aecordin^lj# in 
1900, Raxter and Colfm * jirepared and analysed this salt in tjic cus^ 
tomary Harvard manner, the results bein^^ as under : 

8 expts. 2A,rr : C0CI3 : : 100 000 : (10 1975 , k^o 

7 expts. 2A^K'I : CoCl., lOO-OOO : 45;J070 Co - 0^-969 

^ The excellent ai;reemcnt between Rieliaifls and Raxler’s analyses 
of cobalt bromide and Raxter and Collin's analyses of cobalt chloride 
leaves no doubt as to the accuracy ef tin? faluc 


Co - 58-97 

for the atomic weight of cobalt, and this is the \Tdue ^nven in the. 
International Committee’s table for 19;jl. 

Uses. — Cj )balt has not hitlierto been utilised to an\^ important 
latent «i the industries, but Canada is makin^j systematic efforts to 
develop its utility in vi^w of the fact thSt rich f tores of cobalt ores arc: 
fpund^in that country. A fcw*ycars a«^() jiractically the only use* for 
eol>aH w'as the ])roduction«of the blue colour in the ^lass ^uui ccramio 
thdustrics, and for the production of a blue paint. For these industries 
Pi annual production of 300 or 4fl0 tons of cobalt sutlieco.^ 

V .Two important lields sn^jyrest themsehes as offi^y-in^r useful possir^ 
biiities for tlic future, namely, elect roplaihiff and currency, 'J’hc fofmef 
of' these te discussed in the »cxt section. AVitli rej^ard to the latter it 
been pointed out^ th.'ii a fivc-cent piece made of cobalt would* 
^^8ss4nany advantages for Canadian curreacy. Reiner very T^iarcf^t' 
ff^ld be difftcult tf counterfeit, while its attractive colour and resisidhee; 
would distinguish it from all other coins. • 

B ^veral compounds of cobalt arc of considorablc importance,^ chief: 
gst which arc^ijaffre, snwlt,»and cobalt blue. Accounts of* these 
[yen in the st'-Sjucl. Certain orj^janic derivatives of cobalt, such as;' 

Coffin, J, A%er. CAem/Sor., 1906, 28, J580; C/icm. Newt, 1907^ ^^ 

finej^l /ndtulry dwri/ijr 1016, 1917, 25, 530. ' • J 

" \ Ai/tniuj^IUport of the ^yiario^ureau of 1916, p. 23. Ai-i. i 



gosinatc, oleat^ lingleatc, <ij[^ turifate, find coffln^rcial Ipplicat^ 
os driers ’* in tne paint and vurnish industry. The acetate and b 2 (:idir 
also exert an appreciable drying: action^ ^ 

Owing to their change of coltfur under varying conditions of 
hydration, col)alt salts have long 'been used in the pfepailttion of 
' sympathetic inks.” <' . 

Electroideposition cof Cobalf.^-Z-Although nickel has bfcn very 
largely used for commercial cleclroplatinjj purposes, there would 
^p|)ear to be h us(‘ful field for a cobalt ele(?troj)latc industry. The 
earlier «!iteraturV 'on the subject is full of contradictions, ^ but this 43 
readily understood w’hen it is remembered what an important inllucnc^i 
upon the uTiturc of deposited metals is exeKcd by different factors 
such as temperature, current density, chenhcal composition of the 
solution em[)loycd, etc. 

A solution of a cobalt salt, or a mixture of salts containing cobalt, 
is prepared and a cobalt anode inserted. The carefully cleaned article 
to be plated is introduced as cathode, and a suitable current passed 
through the system. 

It is most important that the anode shall consist of cobalt in a Jiigh 
state of purity. In view of the improvements in the metallurgy of 
that metal, this condition is not now an insuperable barrier to success 
^.s a very pure metal may now be obtained on a commercial scale. The 
anodes may be cither cast or rolled sheet according to whichever is the 
more convCnicMit or more easily obtainable. The difference between 
the two is not so important as in the <tasc of nickcrl, since cobalt dissolves 
rather more readily ; the anodes, however, should be annealed and 
thoroughly cleansed b(‘forc use. 

The problem of a suitable solvtion has long been a matter of dis/ 
^cussion. Sylvanus Thompson in 1887 recommended and patented tlic 
following mixtures : 


Cobalt aimmhiium sulphate . 

1 lb. or 

500 grams 

Magnesium sulfdiatc . j 

i 11). or 

250 „ 

Ammonium sul^phatc . 

i lb. or 

250 o „ 

Citric acid ... 

1 oz. or 

«1*2 „ 

Water . Ir. 

1 imi)crihl 



gallon or 

5 litres 

.. ' 

IJ IhS. gallons 

Cobalt sulphate . 

4 lb. or 

250 grams, 

Magncsiuhi suljdiatc 

1 lb. or 

125 „ 

Ammonium sulphate . 

J 11). or 

125 „ 

Water .... 

1 iinperial 

'* 


gallon or 

5 litres 


and 


U.S. gallons 

These solutions yield their optimum results at about 35® C; 
jSlntple solution, rapidly made up, consists of : 


Cobalt potassium sulphate . . .lib. 

Water ...... 1 imperial gallon ^ 

* For further r^otails see A Treatise on BleciVo- Metallurgy, McMillan and 
Cfriffin and Co., 1010) ; EledrojUiting, Barclay and Hainsworth (Arnold, 
'JBj^rochmiairy, Allraand (Arnold, 1912). 

: tho summary by Watts, Trans. Am^ Ekctrockem. 




its mct^^^hyfiht additibn of 2 

l^urahypophosphite. 

; For these solutions a cat current dcnsity’^olf Ij ami>ercs 
square foot is recoinincndod,* although for the first few seconds iS|j 
immersion a'littlc hi^dicr current ih’ay be a])plicd, but should be quickljy' 
reduced. The voltaic may advantaffcouslv lie in the neijuhbourhobJP 
of 2 voltes. . ^ 

Kalmus and Iiis co-workers * recomnuHul the following comjyisitions j; 

.(1) solution of i^OO ftrams of cobalt ammorium sulphatrfi 
«if5llli4)2i^O4.CoSO4.0ll26, equivalent to 145 ^n-ams ofMlie anbydrodiK 
fait, in one li^tre of water. The density of the solution is«l-()53 at 15® C. 

This solution is uscfitl at all current densities up to 4<unperes pe|r 
sq. dern. or ;i7*2 anqieres per s(j. foot. 

(2) A solution in one litre of water of the following' : 

Cobalt sulphate, C0SO4 . . , . ;312 |jrrunis 

Sodium chloride, NaCl .... 10‘(i „ 

Boric acid, lljjllOa .... nearly to saturation 

^ic density of the above sohition is 1*25 at 15^ C. 

•This solution plates most satisfactorily with a current density 
ran^nn»» from 3-5 to 23-4 amperes per s(j. dcm., the latter li'»ure Mng 
equivalent to over 240 amperes per sip foot ; and even at tlii.^ kpced 
the limit of the solution is not reached. The solution does not chai?ii'^! 
apprceiably either in cobalt content or in acidity over Ioi\ir periods of 
time, and is thus particularly useful for commercial practice. 

The followiniy conclusions are arrived at bv Kalmus ; 

1. The electro-deposition of cobalt from either of the foregoing 
• JSolutions on to brass, iron, steel, cop^)er, tin, lead, Britannia metal, and 
German silver may be effected under conditions similar to those” 
employed for nickel. The de])osit is firm, adherent, harti, and uniform. 

It is readily buffed to a finished surface having a beautiful lustre^ 
possessing a slightly bluish cast, although beautifully wliite. 

2. The deposit is much harder tifan nickel, so that Jess weight 
Jabout one-ioqjth) is needed for ecjual protceti6/i. The plating satis*, 

, factorily withstands the various hammering, li£?nding, and burnishinir 
twts usually applied. » ^ ^ 

8. The elcctric-conduetivity of the cobalt solutions is considerably- 
■higher than that of commercial nickel s(»lutions. Other tWngs being, 
equal, therefore, the cobalt solutions may be worked at lower voltage 
for a given speed of jilating ; or solution (1) may be \^'(U’ked foiur times, 1: 

solution (2) some fifteen times ^is fast as tlic most rapid luckell^ 
^lution.0 ^ 

* Other workers, who have jiad <x:ciusion to repeat the work of Kalmutf ^ 
wport .considerable ui^Iiculty in obtaining thick dcfX)sits*of, cobalt;! 
i^^istent with a fc^h quality of pdhesion. Tfic solution^ recornme^i^fd ? 
;^ Kalsn^ yield quite satisfactory results for very thin deposits, nut 
■w Case is otherwise where deposits arc required raughig in thickness? 
J|pt^ d to5 thousandths of an iiifh and upwards. In thcs(f cases th^S; 
Jfeposited metal i| found to separate very readily from its basc.l^ 
>||nH^ermore, in view more reegnt research on the rapid depositioa??' 

t Baralay and Hainsworth. opus cit., p. 307. « 

^Kdnitta, Harper, and Saveli, J. Ind, Chem,, 1915, 7 , 379 
privttU comf^unieotioH. 
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(sne |). J()2), it would^iwar’lhat the jHissibftities cjf irfipro^g*, 
iHMil in lliis direction lniv(‘ by n#) nicjm^been cxliaiistcd. Consequently 
ftc third conchisiiMi^or Kalnnis relating to the relative speeds of (leposl- 
ion oj’eobjill and nickel may shorlly|re<j!iiit: revisit)n. 

• From the roi( <..^oinir it is evident, that the whole subjeef"is wOrtliy of 
“urther careful eomiiKTcial^nvesti.ijation. 

ALLOYS OF COLALT 

Ollifr useful' ITcldh^ for tlur employment of cobalt are offered by 
alloys. ^ ‘> 

('ohall hhs been successfully used in the manufacture of hi^di-speed 
steels, ill which soiiu* I per cent, of cobalt is Vmployed, in addition to 
ehroiuiiini and tunifsten. an alloy coniainino 75 ])er cent, of 

cobalt, the remainder lu'inij chromium (usually with a litth' tungsten), 
is iiard and remarkably resistant to ordinary corroding agents.- It is 
iherelor(; in demand for the so-called “ stainless ’’ cutlery, Cochronie 
is an alloy similar to nichromc, save that the nick(d in the latter is 
replaced by cobalt. It has a higher ifielting-point than niehrome, is 
less readily oxidisi'd, jind in lluse r(‘specls is sup('rio¥ to it for purj)c jes 
of eh'ctrie heatijig. Cobalt amalgam is used in dentistry.^ 

Ap^rt from the Ibregoin'r. <s»balt yields no alloys of any great 
Ci)mmercial .uujxaiance. The following table indicates tho.se that have 
been<!nade t*iie«-sul)j('et of more or less careful study : 


Klemeiits iiUdvinL; with 
(’eijiiii. ■ 

Hemarks. 

.\ulliority. 

Aluminium . , 

CoAl, and Co.^.M,, 

1 ). I'ruMck, Jitr., 190), 34 , 


have IxM'ii ohlaincd. 

27:u. 

(twver, Zri(,srh. (Ulorq. 



(7h n}., 190S, 57 , 11 : 1 . 

.^ntiinonv. . 


S e 1 1 i r mi ' is 1 e r McUill i( rgky 
1911,?! 050. 

'!j' p. (>(i. 

N'S* p. 1 ) 0 . 

J 

.\r,si*nl(! 


Hisumth 

Idniits of miseihility in Ijfiuid 

Lewkonja. Ztiitwh. nnorg. 


st.ite are 0 ami 9:1 jicr e( . 

Chrm., urn, 59 , 203. 


eohalt . No eviih ure oi com- 

Dueelliez, linU. Soc. ('Mm,/ 

CJhromiim . 

pniimls. 

1909. [iv], 5 , til. 

.Mi.seihh' in all proportions 

ilavnes, J ./ n/LI'Jn{f.Ch€in,, 

, 

both in Ihtuid and in solid 

1910, 2 , :i97. 

Chromium and molvh- 

state. 

Lewkonja, loc. cit. 

Alloy .eadily. x 

llayni’s, J.I /e/./i/o/.C/icw,, 

denum 


1919, 5, 1S9 ; Met. arid 



Chem. Enq.y 1912/ lo, 

Cliromium and tungsten 


804. 


Hiiy-aes, /(JO. fi7. 


' See Haynes’, J, hifl. Kuy, Chan., 1917,0, 97-1. 

* “It is elainiisl that this metal is to hii'h'Speetl .steel what high-speed stoeil is to ‘ 
ordinary eaihon steel ; lliat is, it will allow of inerensing the rate of eiitling on tliC'laibie: 
from 20 per eent. to oO per eent. and miniiiu.se£ the lime cousumod in sharpening Ioo|b*^ 
{J, aSW. Vhvm. Im., 1917. 36, 4‘fJ). 

* S«e BuU. Imp. InM.^ 101(3, 14, 417. 
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. ".'1“""" 

Klenjcnts alloyini» with 
Cohalt. 

- ... ■ 

Authority. . » 

‘ - — flip- 

Cup (XT . 

\<» (Iclinile euii.jhMSiul e\i f-;. 

I h,et Hie/,, liiiH. Soc. {‘him* 

t'olMpI'-trlv 'IKM'll.h* ill 

10 !o, 7, i.7S. 


fu.M'd Mli.v fnsit.usi- 

,SahMien. /.iii<<h. finonj. 


3t!L! !M) piT i eil( , OijpiM T Jilc 

r/ow.. IlKlS. y, 1 . 


II ic. 'J'fioM* with 

Konsl.iio Mil '), ./. 


(Kne tjirui 70 jKi cenl. 

r/iif-, t '/n.iii. Soi'., 1007^ 


iM.pjMT liavf a led lint ; 

30 .Ttl. • 

1 

(l.c'sc with Ilian 10 psT 

K’ei. haidP. . Atm. rhi/n.^ 

* 

•(■nl. eoppt'r are and 

lOOl.livI. ''),S:{L>. 


indlar t<* eohall . 

\e 1 1 hi 1 1 ;> e r , /'!(>■ hlw('h( m . 

/.;/vr//., lohj, 20, t’or». 

CoM .... 

No eoniponml.^j. S.d iiraOd 

W, W'ald, unmy. 


.‘<f lid .snjiitK>n.s eoiiliiin .‘Jo 

('Ill m.. lOlo. 66 , 1 ) 0 . 


iind IM per ceiil. of lOild 

Ilatehell, I'htL Tmns., 


iC'pf eti\ i‘lv. 

isu.'j, j). i:;. 

[roil . 

So.' I*arl li. 

Lm .1 .... 

I.hnil.'. (d iniseihiiilv in li.jnid 

fa’W konja . /or, r.7. 


.'=! de iiK ;} jin.I I'O ju r ( .-nt. 

Ihnelli' /. JhiU. Soc. rhim., 


..I ...'hall. 

ItlOS. |iv| OlM. 


(’old ini • lll^is^>? it .s of solid .';oln- 

Hive.'. y.iif.'rh. atirmj'. 


(i -M''. Allova witli nioH' 

('hnn., loi;). 83 , 


t li.aii I 0 per « oid . .'tiliidt are 
marh.dly niaiin.tii’, this 
poij.iily Irieniisifio witli 
f..i. dl coident. 

MdIviM! . 

( otniioiiMil ( i/Mo, Crv.'-ial- 

•Ihnill and 7'nniniiinu, 


li • -• in Ioiilt net (I!'-'-'. ii!,)i| 

! /.I a Kill. It linn/. (Ilf HI.,, 


list Cutc.lie lliislllle 

oc 


eold.ii/is IJT p< r e< id, ,M'*. 

Saie. id, ./, Aiii(i‘. (Itnti, 


jiinl niflls at. iVj.'Jii 

.S'er., lOOO, 22, 7S:{. 

Ni-Krl 

s.M. p. :o7. 


. . . I 

Si-o p. 7 -J. 


Silver . . . j 

Xocompoim.I.s. Cplo |(;(I0' C. 

j*ij) renk.i, y.fKnIi. anorf/. 


eohal! is ins<>liih!e in In.- . .1 

( '(il III., 1007 . ,‘112 


silver. • 

Diiecllie/, Hull. Sn>‘. rhim., 

, lOlO. [iv!,*, .‘.0(1. 

1 'I’hailint.. 

Sliihi ly nii'eihlc. N\)f \ id.-nto 

]>-vvkoiija, /f-r. rd. 


• tif eompoilhd. i 

} 

Tin , . . . 

Mheihle iii< dl pitiooil ion.s in 

l.ewhoniil, /e.\ rd. , 


ii.piii) ei.;;<hiion. In the 

I\f>n‘dntit iiioff, ./. //)/.«., V. 


solid, eohall ean ili- 

/’/, //.S'. ('Ik ui.Sor., lOti?, 

'' ' 

.’J 'l per ei nf . of 1 in. 1 'tiiii- 

.39,771 

i 

(loui'.d , ; • 

f'ljshin, //(!.«.<. PJoffi. 


( 'o>n. rn.pl . 1171 niiiy 

(Ak^h Sue., 104)7, 39 , 


mlie. 

:>L*S, S(J!>. 


f ‘oS'i, in.p! , (w il r. t!t eoiiip.j- 

S< heridscJiiii-f hnv and J3(‘- 


f >int»n) Ol.’l » 

1 V ns k y , /.I il ~f‘/i , a tionj. 



('lifKi., l!>os. 


• 

HiieeJliex, ('i)9ijit,0 rnuh„ 



1010, 150 , OH; ]0^*7f 
144 , I fJl’; 1007, 145 , 
602 . 



Harlli, MrluHi/n/ir, 1912, 


9 , 201 . * 

Zino • 

Kvi.!. nrf of compound f’oXn ,. 

I.f'wkonja. (or. nt. 



Diie.'liie'/, Hull, Sor. fhint., 

'■ 


1011 . [iv|, 9 , 1017. 

0 



38 . COBALT, NICKEL, AND ELEMEBTS OF PLATINUM OROUf 
COMPOUffos pV COBALT 

General Properties of Compounds pf Cobalt.— Cobalt, in its 
sybs, lK‘liav(\s liotli ns a Irivalrnl aiul a divalent element, tail Iwfui^h the 
•I ri valent sails ai’ft unslal)\^‘ exeept in the ease of donbli* salts. The 
enlour of e<|l)alt sails varies ‘fn atly ayeordin^Ho the dei^ree of hydration, 
but it is^iisunlly pink or bluet Cobalt salts absorb nitric oxhide, ^ and 
nvilh ammonia readily yi(‘ld eonijilex ammino'derivatives. 

Pm;y cobalt ijjjJIs b'ee from nickel may be dbtained from the impujQ,,, 
fl(Tivatives bycany ot the methods described on ]ip. 2.'5-^ 


COl^ALT AND TllK HALDGKXS 

• 

Cobaltous Fluoride, CoFo, may be obtainerl in the anhydrous 
pondilion as follows : on hc‘alin<^ to fusion th(‘ chloride with excess of 
iimmonimn lluoride, the double lliioride, Col%.2Nn ,F, is obtained ; on 
further lasitinj^^ to redness in an atnuisphere of an inert ejas, the ammo- 
nium thioride is volatilised, leavinj' amorphous cobalt lluoride which 
may he rendered crystalline by heatinj^ in ^ms(‘ous hydroj^en tluorde. 
Prj‘j)ared in this manm'r the salt is foritucl in rosc-colonrcd pris’iSis, 
sli£;htly soluble in water, and of density 4*48.- 

< * It fuses when heated in f,nis('ous hydrofjen lluoride to 1200 1300° C. 
to a ruby-red mass, and siil)limes with dillieiiUy at 1400° C.^ When 
heated withj’)otassiuin hydrouren fluoride, KlIFg' n double salt, CoF.mKF, 
is obtained in j^arnet-red crystalline plates of chaisity 3*22.'* 

Hydrated Cobaltous ' Fluoride, CoF^.tilLp, is easily prepared as 
rose-red crystals by evaporation of a solution of the oxide or carbonate 
in acpieous hydro^roii lluoride. Doilinj^ water deeompos(‘s the salt, 
yieldinjT an insolul)le oxy-lluoride of hydit red colour. 

A crystalline hydrated acid salt, CoF.,. 01120. Til IF, isomorphous 
with tin; eorrespundln^; nickel salt, has been described.'' The double 
salts, CoFo.KF. llgO and CoFg NaF.H^O, have been [)repared. By 
warmini^ oii the water-bath a solution of ammonium fluoride with 
cobalt oxide or hydroxide', the double ammonium Cobalt duoride, 
CoF2.2NlI4F.2n2O, is .obtained, isomorphous with the eorrespondin^jf 
nickel, /ine. and eop[)(‘r salts of j^eneral formula BF2.2NII4F.2H2O, 
where R siaiuls for a divalent metal. ^ 

Cobaltic Fluoride, CoF.,, may be jirepared by eh'ctrolysinj/ it 
saturated solution of cobaltous fluoride in 40 per cent, hydrolluoric acid 
contained in a ]>Ieitinum dish which serves as anode, the cathode being 
a platinum wire. It is deposited as a green powder which does not 
redissolve on stopping the Current. In air it slowly turns gtey, then 
red. Water readily dceomposcs it, yielding cobaltic hydroxide.’ The 
Si\tt dissolves in eoncentiated sulphuric acid, giving a brown solution 
whibh beeomcjff green on dilution, and red when gently warmed. 


^ Hiifncr, ZeiUch, physikal. Chon., 1007, 59 , 416, 

- i\nilent;, Compt. n wi., iS02, 114 , 1426. 

* Compart! nickel tluoritio, }». 1 10. 

* Poukuc, Compt. rriki., IS02, I 14 , 746. 

• Ilohm, Zeit^rh. ammj. CJiem., lOO;'*, 43 , 326. cs a 

• Holmolt, Zfi^'H'h. nnonj. Chem., 1803, 3 , 115. Other tlrrivat^tt. iSd, o'- 

Uimhach and Kitian, /I m mi /rw,. 10011, 368 , 101; C(»Htachf'SPii, ’ ‘ * 

19H»7'.0. 4»[iJ.464. 

» Harhifiri and Calzolari, Atti R, Accad. TAp(?.if 1005, [v]. 
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G>balt|iis Chloride, CoOifv results in the arthvdrous condiMpn' 
when metallic cohnit or its su!fy.)idc is'^lu'ated in chlonne ^ ; by hditing 
the hydrated salt - to 1 C., or by caleinaiion ofvke cliloropcntammine 

chloride, fCoCl . oNH.-jCU. \v either ease in a current of hydrogen eldoride U 
by disillling a solution of the hexahydraled eldoride in anhydro^is 
ethylene glycol under reduced |)ressure 5 an I lir.'ally by Ireatinen* 
of a solution of the hydrated ehlo‘ide with gaseous hydrogen chloride.’ 

Ity tlie first of thes(‘ methods hliicwerystalliiie scales arc obtained 
whieh admit of purilieation by sublimation in a eurrent of eldorine cr 
Hfirbou dioxide.'* Density, ‘JdW.® . > 

At red heat moist hydrogen reduces it to metallic cobalt. Dry 
hydrogen acts less readily, and a ])orlion of the f-ldoride sublimes.’ 
Magiu'siiuu likewise reduct s it at high leiu|u ral urc’s.^ 

Th(‘ salt dissolves in alcohol to a l)hn‘ soliiliou, which becomes 
viol(‘t and later rose-coloured upon addition of water, bpon ('Xposnrc 
to m(»ist air. tlu‘ anhydrous salt takes up water, forming first the cli- 
hvdratt' ami then the let rahyd rate. 

Acjiieous solufioiis of cobalt chloride may he obtained by dissolving 
the anliydnais salt in water, (V* the oxides <<r carbonate in hydrochloric 


af^d. rjHui eoiiei'iilration in the warm the lH\ralnfdratt\ t’oi'lg'hlb^O, 
is j»btained as dark red monoelinie prisms (»f densit y 1 sS t. Th(‘SC .licit 
at IJO in their own water of crystallisation. 'I'hey lose four moleeulcs 
of water <‘ilh('r wlit n warmed to 50’ over sulphuric aei(i, dr w^f^n 
kept for a j)roloiiged jvTiod in vneno over the same.® the resulting 
dihi{(U'ai(\ CoCl.j.'Jll.jO, being '•ose-eolonred. 'hhe dihydratc is also 
oldained by j)rceipil at ion fnun solution on addition of eoiUTiitratcci 
hydroc'Iilorie acid. 


Dy raising tli(‘ lt‘m])eratnr(^ to iOO' ('. one' further inoleeuh' of w'atcr 
is e\|)elled, a x'ioiet //‘az/a/o/i/m/e, t’oC'lo. ILO, nanaining. The mono- 
hydrate may also be pre[)are‘d by <*oue(iit rating a solution of the lu*xa- 
h> (Irate in ali^olute alcohol at ‘.K> ' ('. 'flu* salt eryslall'.jes out in pale 
viole t needles.’^ At 110 ' to 120' C. the anhydrous salt is obtained as a 
blue mass. • 


The (’oCl.^. llI^O, is obtained* by allowing (‘ither the 


anhydrous sail or the eiihyelrate to reina 
cxposuie yields the hexahydreje.*^ 

The soliibililv of cobalt chloride in 

• 

lUi (‘X])ojif‘el 1 

wale r is as 

0 me’isi 

fed lows 

air. 

11 . 

Furllicr 

Tem])eratiire (’. . — 4 , -} 7 

Ciranis of ( o(T, per 

11 

12 

25 ' 

f 

'ni 

41 

100 grams solution 2S-0 .‘Jl-2 

:ii;j 



;i7r>* 

;{0-8 

Tciyperature (’. . 45 Ilf 

(iraius of CoCl., per • 

r,ii 7s 

ID 

00 

fl2 

100 grams solution 41*7 4G*7 

is-i iS'S 

50-5 

51-2 

52*3 


* PiO.se’, Annah n. 1S.‘12, 24, ITJ, 

> llersch, K. .{LwI. ire'.-f. Il'e/i, ISfJT, 56 , 7l*I. 

® !)<• (’oniiiek, Jiull. Artul. my. lUlj., IIHU, 6, 1 l7o, s.’}i\ SU.k 

* Kngt'l, Bull. Soc. rhim., ISJU, 6, iillU. 

® Hie, ‘til, Bcr., 1S70, 3, <^7U. , 

* Pl.AyfairJuKl Joule, J. Chem. .SV., lS4r>, 2, -401 ; ISIO, 3, fi?. 
’ Spring, Zdtarlt. nnorg. ('hem., 1S!12, I, 212. 

* tSculKTt aiul SflnniJt. Anunkn. IHIM. 267, 240. 

* Sabatier, Bull. Sor. fhim.^ ISSO, I, hS. 
w Potilitzin, Bull. Soc. rhim., ISOl, 6, 2G4. 

Etard. Conwt. r(n»L. ISOI. ill. COO. 
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(Tn t ho C( )kl, the sfiturntcd solulion is |osc-cotoiircd, like the jryj^talli^c ^ 

hoxahydrnlocl snh. On warmh^V it bWomcs violet between 2o^ and ‘ 
/)(/' iil)ove which latlcr ieinpcnilfirc it is blue. This ir, explained 
c ^by s«)nic as due In a cIijuu^c in hy<lratioii ol^the coball salt in solution 
from the red licxaliydralc, Ihron^h the vi(»lct nnaiohydpalCj^to the 
blue anhydrous sa^M. (Vibiiidy the ehan^ns in colour correspond to 
breaks in Hu* soluhilily (‘uive as shown in ^'i^^ 1.^ A siniilar change in 
colour IVoin'n'd to blue* like wi.-e- occurs with increase of concehtration 
r^r (he soriition. 



This simple liydraliou theory cannot explain all I he known pheno- 
mena, as, for e\amj)lo. the opp()sil<' effeels of calcium chloride* and 
y.inc eliloride (m t lu* (‘olours. Isngel “ i herelbre assumed 1 hal I la* observed 
colours were dm* todcnrlain double sails j)rrsi‘nt in llie solutions. In 
the case of pure' eol)aIl chloride, hydrolysis was supposed Ip oeenr on 
heating tlie solution, ilie hydrochloric acid liberated limiting with 
uncliangc'd cobalt eblori»|^| ; and. as an <‘xplanati(v,» of llu* colour change 
.this j.s almost certainly mcorn'ct. ()slv.;al(l** suggested a simj)l(^ iojuc 
explanation, namely. 1 hal the red colour is that of the* ee^balt cation, and 
' the blue I liat*. .»»(’ llu* mulissoeiated salt. 'Hus is certainly ned a eom])lete ' 
explanation, ai4l sei'ins to necessitatv' a very marked decrease in 
ionisation with ris(^ of t('m[)erature, which experiment, so far, does 
not svpport.^ 

Donnan and llasseli*''’ siy^gest that cpbalt chloride sohikion, in 

^ Ktard, lor. cit.; voii Uabo, JahrcM)fr.. p. 72; vSehifF, ihid., !S.')0, p. 52; 

'GladAtono/,/. V.V/t ;/;. -SV.. .to, 7!); 18.70, ii, :jCi ; TirKbernp, Chnn. Xcuji, 1872/ 
I'^nr. Hoif. Sor., ISSl, 32, 25,8 Pot ililzin, />V»*.,«1881, 17, 27(5; Bull, 

^ chim., lSi)i, [iii). 6 , 2 < 5 | ; Losc’irur, Ann. Chim. /Vo)i«.,.lS 0 n, [\ i], 19, 55] ; \\yiOiibofT, . 
Bull. Soc. chin).. ISOt, [iii;. 5 , 4150; ( barpy. (\nnpt. trnd., ISPl, I 13 , 704; VVivwsky, 
j. /V^f/T. <’/(•( fiL Soc., 1,8510; 31 , I()i. See Ht'iscb, SHinny.sh'r. K. Akail, H'KS/f. iricw 
1807, fid, 56 , 721. 

. , * Kngel, Hull. Soc. rhini.. ISOl, [iiij. 6 , 200 ; cf. Lo Phnssovant, ibiil., 1801, [iii], 6 , 

-/ * Ostwabt, Lthrhurh ihr nlhji uwith n (’hrmir. T,cipzi}ii. 2yil •■'d., ISOIl. 

‘ . * Soo Salvadovi, i, 26, 2,87; Taruiii ,and nombawlini, ihid.f ln00» 

, ii, 30, 405 ; !>onnan and Pns3Ptt...7VfiM.v\ Clum. .S’or., PJ02. 81, 030. 

* Donbin and H issott. lor. rit. 




^i>dditibf> Jo simple ions Co" an ! Cl',, eoptnins complqjc anions CoJ'Jf dife 
» C0CI4*, tlicrc hc'in^T two cquiin>rinni iv^'ctions in solution, ns follow ‘ 

\V 0 k'oa,-- ‘ co-q ‘jcr 

(b) CoCl. : li(r -- ('(>< I/, or 

(o( 1 . : '.'-('I./ 

Gnintiiif; liial the cobalt ion in solution is red, and that the complete 
kijjiion is blue and inci’c;is(‘s in conccnlralion wijli r’V' ol‘ tcinj^'ratPT;^*, 
•the obs(‘r\(‘d colour cbauifcs arc readily cxjilaiiud (pmlifalivcly ; for 
the conij)lcx ions will bnak down with dilution, aiul al'o if llicre be 
added llic chloride of a iiu lal with a irn jdcr tendmey to foini C()in])lcx 
ions, ('.Ln zinc chloride, while lln‘ Ibrnialion of (he conijilex ions 
(orCoCl./) will be an;inienl(‘d by increjisinj^' the con(‘< iilr;i( ion (d‘ chlorine 
ions, i.('. by adding hydrochloric acid or the hiyhly dissoiialed chloride 
of a metal like calcium, wliich has litih* or no li luh ncy to form complex 
ions. Dorman and Ihissett found by electrolytic experiments that the 
blue solutions contain a blu(‘ "nion and the red solutions a red cation, 
ai^l further supportcal their view by ollar ph\ sico-chcmical data; 
Dcmham ‘ has furnished additional corroboraliv(‘ c\idcncc. J)oif!uin 
and llassctt conclude that when the cobalt atom is in close association 
with chlorine, c.‘,^ in CoC'I^ ‘nul t’oCl./ or C'oGi a l>luc colour *is 
dcvelojK'd, but that \\hen. by dissoci.'dion or the jirest'ucc of water 
moleeuh's this close association i* broken, c.^^ iy Co” and ('odg.hlb/V 
a red colour is observed. 

'file work of ^'aillant and Lewis* has shown that 1 he colour chan/'cs 
cannot be (pianlilatively interpreted without eonsiderin}^ that water jdays 
a dcliiiib' idle ui the reaelious. Il ftillows that if Doiiiian and llassett’s 
views on eomjilex ion formation be eornvt, water is eilhc r produe(‘d or 
used up when eoliall ehlorid(' and chloride ioq iiilera^*! ; thus, for 
(‘xamj)l(*, where the ion C 0 CI 3 ' is nssunud for simp’icity : 

CoCl.^../lL() j (T,;all 2 f) CoCf/.y/lLD 4 f fff — p)H/X 

Kotschuhei has determined the cxbnt lh(‘ hydration of the 
colialt ion in cohalt cliloridc soTntion hy th(‘ clcctrolytii* mcliajd hrtclly 
indicated in the lirst voh*mc of this Scries, <’• ami linds lh;^t the hydra’ 
tion increases with the dilution, ^ He eoneludes from hi,‘^own and other 
workers' experiments that the hydration diminishes with rise of tern-; 
|K*rature ; also that the hydration of the cobalt® chloride molc'cnle 
^'arics in the same manner as thaMif the cohalt ion. He doubts the 
^xistenA of complex ions iif solnlions of fobalt cliloridc. and considers 
:hat in the blue soluHons i«>rmed by I be addition of hydrochloric add, . 
calcium chloride, etc., the evidence for thctcxisicncc of com|tlex fqns 
s inconclusive. #)n the other hand, h(‘ .admits the prcsinco of conflileX 

^ Drnhain, Zdhrh. phy^thtl. Chrtn., lOOtl, 65, , 

* These authors apply Wv rncrs 1 'h^ory to <t(Mliie<: (hnf the cIopo assotiUi^ra is here 

)roken. • 

* Vaillant, Avn. (%im. yhjs,, I90;t. [vii], 28 . LMIJ. 

, : ^ LewiB, Zcilich. physikak. Cfum., 52 , ; inOfi. rfi, 22:t ; c7. Jiorumn. ihU.. 

317. 

A ICotschwbei, ./, /?//«-<. Chn.n. Sur., 1?)14, 

See Tut. I, 2n(I cd,, p. -MS. 
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iori*ig I lie red sojufioiis cfintiiirting m^curic chloride, 'otc., tfid h)nniir.( 
latfs tlu* ions as |)ro!)al>!y hrinjjj: 


cliim idr ffissolvi siiii aicohol loa IjIik soliilion, becomes 

vioK'l and tin ii ifd ongllic addiliim id' walcr. The .alcoholic solution 
becomes M'd when virv dihiled'or when eooh^ nmeh b‘‘low 0 " (’. The 
IfSue eoloiir in liiesc s<»hitions has l)een attrib^Jed lo tlu! rormation of 
(fonbie eoinjjonnlHiy V-n'iel, to complex ion formation by Donnan aii^ 
Jbissell, and l<ii*’l)oth these causes by Kols(‘hubei. * 

The elianjic in eoloiir imderifniie l»y cobalt 'chloride on varying tjjc 
temperature is taken adyanlai^a* of in the preparation of sipnpnfhi'tir 
inlis. 

The molecular wei<fhl of cobalt chloride as determined by the 
frce/iu'f-p<»int met hod, wit h urethane as solvent, ct)rresponds lo the 
doubh' (brniula, Cod'ki (compare ferrous (diloride),^ but the results 
obtained by the boilim^ -point method - iiulicate that under those 
conditions tlie molecule is sini.de, namel\* (’oCU. 

The /n\ranim(HiifiU\ ('o(’l.,.b\H.., is pro^luced by passin^^ ammoifia 
intd a <’oneenl rated acpieous solution of cobalt chloride in the entire 
absence, of air,'* or by passini^^ if into a saturated solution of cobalt 
chlorid(‘ in methyl ac(’tate.‘* It yields dark rose-red octahedral crystals. 

Ihfjihiv .'f/Z/.v, An unstable acid chloride, C'oC'lo.lIt'l .JllIX), is 
obtained as blue erystiwts by cooling fo - ('. a saturatial solution 

of cobalt ehloridt' in a(piC(»us hydrogen mloridc/* CoC’l.. l.i( 1 . JtlloO 
and (\>('l.^. Nil ,('l .(dloO hav(‘ also been obtained^* A blue aleoholate, 
CoClo*-^ knowing Witl^ iodine irichloride the eom])lex, 

Co('lo.‘ 2 U’l;,.SllA). is formed as oran^(‘-red crystals.*^ 

Cobaltic Chloride, ( oC'l.,, has lad as yet been isolated, althouj^h 
indications of its ^mvibh* exislctua' an* not entirely wantini!;. Thus, 
when fiH'shly preeipilalt'd hydr^iled col>altic oxiih* is dissolved in 
alc<»holic hydroyen chloride, a dark yrecn solution is })ro(lyced which 
rapidly turns to a rosf* colour.*’ 'I'hc lirst dark colonic suyyeMs the 
presence of trivalent C(\dl. • ‘ 

Gobaltous Bromide, t’oIJrj. may hi oblaimal as a yreen mass by 
passing bnimiiu’ \aj)our*“or a mixtun* o( bromine and lml\;oyer 
* bromidt' <U'‘er la'ated cobalt ; by lu'atiny the hydrated salt *-to i;50’'C. 
and also by addition of the calculated quantity of dry bromine tx 
rmcly divided I'ola It under ether. 'Fhe yreen salt, rolh^.(C\llo) 2 ^h ii 
prodiwvd which, on hcatiny, yicUU. CoBr.,.*** The salt may be purifiei 
by sublimation in a current of hydroycn bromide. Tlie product i 

‘ Ciislnro, ISIIS, 2S, ii, 1117. * 

- 'AWriior, /.i ltni h. tii’orij, Cht fu., isaT, 15, 1. 

’ KriMUV. ('him, rhi/.<., 35 . 2,'>7. 

* Maimexmi, Ikr., IIHU), 4|2, I{7S1». 

* 1a' .l/nf. Chnn. J'fn/s., lsOP>, [vi], 30 , 5. 

•,See 1.0 Clevsisovnat, tor, ril.; ('umpt. rfn(/., isirj, 115, 113. 

’ Benr:\lh. for. cil. 

•• \\Viiil{U\d nml SrlilogolmiKh, Zritsrh. uiumj. T/u m., .tOvr’, 30, 137. 

® Mover and t^ost, ZeiU^rh. nuonj, (lum., isao, 2?, 1S4. 

'•* lVrd\o!ot, .'l/ui. ('him. lS’3a, 44, 3Ul. 

Kioha’nU and Uaxlor, <'hrm. Xar^, ISU8, 7/, 20. 

HanuncNlu'i-);, Pmjff. Annnhn, IS42, 55, 243. 
w Diioi'lliez and Uavniind, ffiid-. 1014, 158, 2002, ^ 



COBALT Ap m COMPOUNDS, 

^ecn, cik^stalIinc, of donsif^* /f Ol. begins to reduced drjr 

hydrogerii at about .^ 50 ’ t\ %lie miction is more rajnd at Iiieheir 
temperatuVes, hut is acconipani<‘(! by partial snbiTnwtion. With moist 
liydro^cn flu* rcdiiclio!! ])fi^nns at ‘2.'iO (\ 

'i’!'.*' sail (l<‘li(|U< '<crs to a dai'k rt t! litpiid upon exp >sui*(“ to air. • < 

sclrjioii. wliirli als») nsiilts w la !i®lnrtallic* ‘obalt is (“X|)osed To 
the pr4)lnuL,a’d Hctinn (»!' bnaninc and wab r.^yi- lds, on ^’oncentrat ion 
over sulpburi(‘ acid, ^^lc^did purpl^-n-d |»ri>malii* t‘rysUds of the 
hexahfdr(iti\ (oHr.tillfM. 'Fhest' null at IT IS i . .iM lOi)' C. tltl'y 
^use to a deep blue ii;{uid, evolving watrr, iin-d 'IA in inu’ o# cotlffit^ 

* piir])lish blue crystals (>!' tlu* dihfidrutf, (’oHr,,.‘.Ml.d). •When heated to 
i;K) ’ (\, the salt dries*up lo an «>paipu*. anunpbous. \i\*id arn'ii mass 
of anhydrous broiuidc.- , 

In addition to tlu' roreiioinir, several otiur hydraUs are known, 
their formula’ and appearance, toirellur with those abov(' cited, bein^,' 
as follow : 


Colh’o.OlI/) red prisms 1 Colh-o/JlId) juivple 

ni.pt. IT IS ’ (\ • ('(•lb’., . I l.d ) blue 

Colh'o . a-.jl r,( ) re* e-eoloured j ( (db\.0 Tll.^() ? 

Colh’^>.r)II/) jiiitk • I Collr.j ereen 

CoHr.j. lILt ) naidish-violet j 


in.pt. 70 Tl" (’. I 

On exposing tlie anhydrous ^salt to aininonia ^'as. jf; a*ls() l>y^>assinp 
ainnionia, into a s(>tulii>n of cobalt bromidi* in nielhyl aeelali'. the 
lu\r(inui}()ni(ifi\ ('olh'.,.(l\ll... is obtained ?is pale rose-red erystids, 
'riiesc lose aininonia on heatin;jr. Ix’eomiii!.! liuhl blue at 120 (\ and. 
ha\in;i the eonip(/siti(»n C’<d>ro.2\1I.,. * 

The solubility of cobalt bromide in water is as follows'*: 

Tenpierature . , . ,2)0. T^) 07 

(irains CoHio in too Ljrams s<i[ution . Ott-T 00-S os-l 

• 

Wlien (Unsolved in (jriianie liipiids tiu’ nuflt cnlar weijjhi, as deter- 
mined bv eliullioseopie methods, appears tf'.^*orrespond lo I lie siiij^dc 
formula, Coltr.,.'' • 

jCobaltous Iodide, Co Lu may be obtained in the anhydrous condj*^ 
tion by heatinj^r cobalt in a current of i(Kline vapour, or*l.^' desieeation* 
of the hydrated salt over eone^nlraled suljihurie aeidVa rcej/e.'* It is 
then obtained as a black nu talliedookinix mass. dissol vesi in water, 
yielding interestinjx eohjiir chanj/e'^ possissin;^ in concentrated stilutioii 
a grccft colour, which bec(\pie bmwn aiuj linally red on dilution.'^ 

Cobalt iodide is most^vadily obtained in solution by warmin^r the ! 
firtely divided metal* with water aiul iodine. Its formalism is nocom- ' 
panied by evolution of heat.. It may als») be oblapied by a!V^ing " 
cobak to remain in pro!^>ni,u’d contact with water and iofliiie.^ 

* Hartley, J. Chnn. Sor.^ 1S71, 27 , -stH. . • 

* Hartlov, tor. # • 

> Guareschi, .iKt* H. Arrml. Sri. Torino. 48, 0i?rK 

* Etani, Ann. (■him. Vjiy.'i.., ISfll, 2 , .'•87, 

* Werner, Znt-^ich. nnorj. ( to rn. y HUT. 15 , I. 

^Hartley,”**/. Chon. Sor., l.S7lt, 27» » 

^ Hartley, ioc. nV. ; Knlmann, ./. //cdf, 11^30. 7 , ; Gmr-lin, KnpllMi edition, 

^:y^i 33d; Oladatono, J. <^hem Sor.^ Qu^rferly Journal, Js.'i!), ii, 30. • 



44 COBAJ;r, JSIUKKJU, AiNU KLJSMlfiJNp FLATINUJI GROW?Ji 

Several hydratc.‘f have been tsolatcJ| The hexahydratCy 
is obtriiiied f)y slifjlitly cvap(f|fftinf(^ and then stronjifly cooling the 
af^ieons solid ♦!; yields dark red, hexagonal prism^ Further 
• i'oneenl ration yields (lie nunnlnfilra1i\ ('<do.fff I.,(), uliieli erysiallises in 
thip, red, rhonihie |)la,les, which loso thre«‘ inoleeules of watt^r atlfe r C.i 
The frlrahn(lrah\ OI^,. Uh,()| and dikydrale, ('olj,.2ll20, aKc green. 

The soln^/ilit y of eohalt iodide in water is as folhnv^i * ; 


T^mj)fr:i(iir^ ■' C. . . . . 

(InimH (jf Cof.j (KT I4n !M;i 111.4 solution 

- 2 
08-7 

4^ 

01 

14 

01 0 

25 

fiO-t 

34 

73-8 

Tein|)<Taliir(‘ 
(Iraiin of 1 ’ol 

(' 

p^T 100 ftmm.s point ion . 

40 

7!I0 

00 

70-2* 

82 

80-7 

111 

SO-0 

150 

831 


Th(‘ solution changes sn colour as the te]n])ernture rises, being red 
below L»0 olive la l ween 2iV and 10 ' (’., and gre(‘n at higher tempera- 
tures, these changes correspond to breaks in the solubility cur\'c, as 



4< Temperature "C 


Fin. 2. 

shoWB in FI,!'. 2, nnd arr usually rciranlcd a? indiratini; Hic r\-istcnce in 
solution of the licNa-. Ictra-, and di-liydiidcs ris|H'(liv<'lv. Both 
the lu\V((nn)r\dii<if(\ ('ol2.(JNII.j, and tch'aiumopinti\ Fob,. tXil have 
been pn'pared.=»'‘ • - 3’ 

DoiihL' S(i!ts ol (v)balt iodide are known.^ 

OXV-IIALOGEN ftEIUVATIVllS OF COlbVLT 

CobftH Oxy^fluonde, (<(>!' .j.CoO.lI^O, is obtained by deeom])osing 
hyareted cobalt tluoride with boiling water, or bv addStion of excess of 
cobalt carbonate to atpieous hydrogen lluoride,*^‘ It is a rose-coloured 
crystalline ])owdcr. ’ 

* Holselmkoff, J. /?b.w. Chnn. Sor., 1808, 30, JlSO. 

• FUard, Compt. rou!., ISOl, 113, aoo. 

• RaminelsluM'i*, Po(j<j. Atinnkn, 18:10.48, ITm 

IMl 3r w’ 

* BerzcHu-s Pogtj. Annnlrn, ISlU, i, 26. 




’COBAfir AND ITS (X)MKrt»©S 

^ CobiJl Oxy«*chloride is <)bhniic(i as* a blue ])re^imtate 
on pouring a hot solution of f^balt*yhIoride into ailutc ainfnSuurn 
hydroxide. The fornuda (’o(’l.,.8Co(b .1*511/), liA ^)een uttributed^to 
it.^ Another basic salt, C^i(’lo.Co(01l).j.5ll/), is stated to result as 
preeipithte by the action of ealeiuin carbonate uj)on acpicous solutign$ 
of cobalt elilpride.“ 

Cob^t ChloVate, may be obtayu'd ])y d(^d)le deeom- 

|X)siti()n of solutions of cobalt .snlph:i#e and barium ehlorj/te.^ The 
solution, wlicn eoncentyired by e\])osure to siilphurie ^icid at tempcBH' 
l»ircs below 18° (\, yields unstable dull red r^iombir erystab^ of^liio 
hexahijdralc, Co(('l();5)2.t)lIo(). l'hes(‘ melt at about lS*r)4i with separa- 
tion of the ictrahf/(ln(l('^ wbieli is fairly #^t able at low 

temperatures, but becoities l(‘ss so as the tc inperature risi‘s u[) to about 
61° C., at which ])oint dehydration takes place. Even below this 
temperature a certain amount of decomposition takes jdaee, with 
evolution of chlorine and oxygen, an oxich' of (‘oball being simub 
taneously produced. A bright red (lihi/ilratr. (’()(('l()..)2.‘ill/), may be 
obtained by ja’olonged exposure of the tetrahydrate to the action of 
pla)s|)lu)rus pe.ntoxide,'* 

% The solubility of coball chlorate in water is as follows : 

IV'mperaliire '■ r. ... 0 10*5 IS 21 25 47 

(Jiams (»f prr 100 

grama soliitidu . . . 57’45 lil’SIJ Ol-lt) Ul-2!1 H7 0!.) 7(i*1\j 

.Solid phaao . . . (’(.(CloJ.^IfJ) , 

Cobalt Perchlorate, C'o(( 10 1)2-51120, may iV oidained by dissolvings 
co}>alt earixoiate or liyilroxide in a solution 01 ])erehlorie acid, ex[)elling 
the excess of acid at 110° and concentrating to crystallisation. The 
salt separates out in long red n<*ed1es whfch are very soluble in water, 
alcoliol, and acetone, but an^ insoluble! in eidoroform. Whendned over 
sulphuric, acid the crystals contain live moleeides of w:*ter, and melt 
at ]4-6° Ck They arc more stable than tlu* corresponding ju ntahydrale 
of nickel pereldorate, and do not deVompose at 10U° ('..^neither does 
their aqueou!^ solid ion undergo hydrolytic deccfnp(>sition.” 

The solutality of egbalt perchlorate jn waty^ is as follows : 

TcniiXTnture C. . -30-7 -Cl *3 U 7 0 18 20 *46 

Grams (.-o((:i()d., in 100 

grams .soiitiuu*. . 1!)A2 20-72 22 On 2.3 :15 2:{-7r> *;r)-0.') 20-33 

Density uf solution . — l-50:i0 1-.505S ! -507(1 1-5811 1'.5878 

At r. the nondlii/dratv, CoCClOdj-tdEy, is fornw'd. Tlu 

hexahi/dnilc, C o(('I(),)2*^'ll2^b des(;nlM’d by h^dsadori ’ as erysijillisinc 
in hexjfgonal prisms, wliie^ are pale piyk in colour and sliow feehlt 
[Xilyeliroism. Heated to 100^ (\ the salt loses water, \ ielding a violet, 
hygroscopic powder.* When rapidly heated it dellagraks, witjiout 
explosion, but it/‘Xjdodes on licreiission. 

When ammonia and iviiinonium ))ereldorate are added to an a(|Ucom 
solution of cobalt perchlorate, the hexammunuitc, C’o(( 104)2. ONUy, ** 

' Moissaij, TntUc (If C\inttC 9 ininnnl( , 11H>5, vol. iv, j). 177. 

* /Ahir.y 1005, i, 1303. 

* Wiichtor, J.»prfill. Cluuu, 184.3, 30, .321. 

< Mi-us.s<.*r, IkrJ, 1001, 34, 2lV». 

‘ Mcuss<*r, ihlfl.. 35, 1418. . 

® Goldblum and 'I’erliktJWHki, Jhtll. ^Vx*. rAim., 1012, XI, 103, 140. * 

. » Salv^ori^Gazretla, 191*^, qz, pk 468 ; 1010, 40, [ii], 9. 



forifcrd as a red nrfcipilatc. Boiling, water effects its decc|ni)Ositiqp 
aceorfling to the (*juatioii : 

^ 211/) : - CofOIl)., t Co(yO,)., + ‘JNII^CIO, +N11,. 

^ •Tlie anhydrous sjill, Co((’l()i)^, caiinul be isolated since t!ic hydrated 
salt dc(*oni))oses lx mre all tffc water has been expelled. • 

Cobalt Bromaie, ('<«(Ih().^).,.nlI/), is obtained by double»dccom- 
posilion (^‘ barium broinate wnh et)balt suly^iate. On eoneentrating 
tffe liltered solution lla^ salt erystallises out in i^jd, oetahedral crystals. 
wRieh aW* n‘adilv'(fl'< oifiposed i)y heat.^ ^ 

Cobalt loda^e, (0(10:5)2, " known to llaminelsberg ^ in 1838, 
and was I'uiflier sl,udi('d by Fullerton^ and ^)itle,' the last-named 
investigator claiming to have prepared the aimydrous salt, and salts 
with 2, 3, d, and ,5 inoleeules of water, whilst Fullerton describes a 
hexa hydrate. 

Meuss<‘r^' eon linns the existence of the anhytlrous salt, anil of the 
di- and tet ra-hydrates, but throws doubt on the existence of the tri-, 
penta-, and hexa-hydrates. 

The anhydrous salt may be obtained by maintaining for a prolongi’d 
period at SO ’ to ttO" (’. a mixed solution i>f cobalt nitrate and alk#li 
iodale in the presence of frei* nitric acid. It is also formed at ordinary 
teuipenitures by mixing saturated solutions of cobalt nitrate and alkali 
iodate and jv^ntating with a glass rod the lluceulent, rose-coloured, 
hydraV'd pria*! pirate, wlu n it yields the blue-violet aidiydrous compound. 
The salt is also produetid by heating \he same solutions from two to 
three hours in a glass tub# at 120'" C. 

Anhydrous eol)alt iixlate yields microscopic needles, blue-violet in 
colour, and which on heating beeovu* tlark blue in colour, but regain 
their original hue on cooling, llelow 200“ F. deeom}x)sition sets in, 
iodine and oxvgen being evolved. 

Tin; (//////(//r/Ze, •('(>{ 10.5)2. 2U2(), is obtained by mixing cjjuivalent 
amounts of eobatt nitrate and alVali iodate (or free iodic acid) in ten 
times their ut ight of water and allowing to crystallise at 30 Miero- 
.Scopie crystals of lilac fine are obtained, which are the j/ablc form of 
the salt up to OS ' F. Vj * • 

'Wie fiiraliydnilc, Fo( 10.5)2. tll^O, obbiined as red crystals by 
6va[)oraling a 5 per cent, .solution eontainiiv^ e(]ui valent pr()]x)'-l;ions 
of cobalt nrt'raU* and iodic acid at O ' to 20‘^ F. When agitated for a 
prolonged period with water at 30'’ 'F. the tetrahydrate yields the 
dihydratt'. 

* TlTe varion.s solubilities of the hydrates of cobalt iodate at different 
tenipt'ratures are as follow^ n 

Tetrahydrate, Fo(l(dy)2. lll/j 

Tem[)eratui't' F. . 0 18 30 50*' 00 05 

Grams Fo(l0.5)2 per 100 

grams solution . * . 0-5 1 0-83 1()3 MO 1-80 2‘17 

^ Ituninx'l.'ilit'i'g, Aumih n, 1S42, 55 , Oa. 

- Uaiunx'lslu'n:. ihid,, 1S3S.‘'44, 5ai!. < 

*®Kall''rtoii, Anitr. J. Sa. 1S*T, 14, 280. 

* t>itU'. Alin, i'hun. ISOO, 21, 115. 

‘ Meusser. Zitr., lOOi, 34 , 2;»32. 



'COfi^T AND ITS COMPOUNliS 4 

Dihydrate* Co(j6y)2.‘2lLP 

TemiK/ature C. . 6 Ts .‘^0 />() 75 100 

•Grams C()(IOoV> [kt yK) 

ofram# solution . . 0-.T2 0*1“} O-.VJ 0-(i7 O-Sl 1-02 

^ Aniiydroiis Sail. (\> 

Toi^ipc'ratiiif . . IS ;i()# 5y) 7i 100 

Grams ('o(I();j)a ])cr ioo trains 

solution . . ] -u.i O-SO o s,*) ^ O-T.*) O-OO 

I Tlirsc results arc slaovn irrapliically in l'i'4. .T aiul aj^( intcn^iinj.'. 
showing the rapid rise iii solubility ol’ the tet rahydratc wi^Ii increase of 



Fk;. .‘1. S(>lii^>ilily ntirvcs oftln* l»y<lftil(’.s of colmll ioiliilc. 


temperature, and the simultaneous fall in solubililv of the anliydrous 
salt. 

Cobalt Periodate is unknown, lay a basic substance eorrcspofiding 
to tile fonyula 7C'o().‘2l.,()7.1Sll..() is obtained on conecnkal ing mixed 
solutions of .'^)dium jierioclatc and cobalt sniptiale. It is a yellowisli 
green powder.^ 

COBALT AM) OXYCKS 

‘ Cobalt, like. iron, combines with oxygen to form t line Vc'll-delincd 
oxides, namely, eolialtous oxiefe, CoO ; eoballie oxioe, Co^O., ; and 
cobalto'cobaltie oxide, Co.,().,. In ad<lition to theses a peroxittt', CoOj, 
appears capable of existing, whilst numerous other comphx bodic.s 
have bten described, such* as Co-O.^,- CogG;.,* ( o.O^,/^ and 

Co O9.* Probably, however, these arc* not scjjarale chemical entities, 
bu? mixtures of the sihipler oxides as in thiv'i‘^t‘ ‘>f analogiftis^-omldcx 
oxides of iron.’ • • , 

» I^utsch. J. prakt. C7jcm.,*1807, lOO, 80; lliimimlsh' ig, 7^/. Annulen, ISOS, 134 , 
514 528. 

* Sohrt'Hicr, Ch»m. Zrntr., lSt»0, i, tril ; JUvloy, Cfi'tii. NfCi, 39 , Sl. 

* K. J. Juhr^Ur., KSUS, p! 2rM. 

* heciz.Pog'J.Anm( fi^\>i\i,6l, l'i2; How, iW., 84 '* ■' 

Ihpartmciit fif Mincf, OiUi\v%, HU 8 , H<‘yi/rl 250. 

* Vaylor, Mem. Manchtiifr PhU. Sw., HIU3, [vj, 12 . 1. 

* fJcntele, J, prakl. Chem., I85G, 69 , 12‘J. 

Borgstattcr, Chem. Zenir., 1912, ii, 1525. 



48 COBALT, NICKEL, AND lELEMEim OF; ^ 

• 

KIpbaltous 03 ijde» Cobalt Monoxide, Co0» may be obtmned frqp), 

cobnitic oxidr- )>y reduction in Vcuranit of ammonia, ' or of hydrogen, 
a^abont 850 ’ (’. M higlicr tcinjXTatnrcs metallic cobalt iff obtained. 

Cobaltons oxifl'- also rc.sidts when cobalt* oxide or cobalt carbonate 
isjicaled to redness in carbon dioxide or nitrogen-; whcn^cobalt itself 
^ heated in nitric^ oxide t* 150' C. and when cobalt sulphate is 
hcal(‘d lo n'l^ilcness.'* ^ • 

Obfaiyed by any of the firegoing methods cobaltons ox*de is a 
stable powder, <n'e\ish in colour, which oi^heating in air takes Up 
o.f^a ! jbnningV(J)jJly-e()baltie oxide. Its density is about 5-GS whe^ 
obtained by (wlcin ition from a higher oxide. Prepared IVoin the* 
sulphate it r•tains the crystalline form of the kdter, and its densit\' is 
0‘7i). It is reduced to metallic cobalt when li(‘Sted in carbon mono.xide 
at tcinjx iatmvs above foO ’ (’., or in hydrogen above 250^ An 
allot ropic inodilication of cobaltons oxide is formed by heating eobalto- 
col)altie o\id(‘ with 2 to .8 jx'r cent, of carbon at about ()()()' C. It is 
yellowish grec'U in colour.'* Xiatlua’ aliotropc is magnetic. 

When heat('d gently in air it yields tri-cobalt tt lroxidi*, C’o.O.i. In 
hydrogen sulphide tiu' oxysulphide (’o()„CoS is produetd.'^ 

It unites with acids to lorm cobaltons salts. It replaces ammoi^^a 
in i4s salts and is dissolved l)y ])ota.ssium* hydroxide, yielding a deep 
blue soljjt ion. ^ 

(.'obalt oxide unites with or forms solid solutions with many other 
mctalljc oxidl's at high temperatures. Thus, with alumina at I’lOO^ C. 

M blue ahiminatc*, ( oO.^M.^O.j, is lornu^l, whilst at hlglH“r temperatures 
a green compound, K’oO :iAl./).,, is produced. « With stannic oxide, 
et)biilt oxi(le yields a (lark green ortho-sljinnat(*, 2Co().Sn().j, or 
Co. 2 Sn().,. Tlu‘ same compopiul is^ prodiurd by ])recij)itating cobalt 
nietastannatc Irom a solution ol a cobalt salt by addition of potassium 
metastanuate, and healing the precipitate. The colour is then greenish 
'blue, lh(‘ blu('*tinge resulting from the excess of stannic oxide.^o \Vith 
chromic oxide a green chromite, C\>().(’r.,().j, is obtained : the vanadate 
and tantala.t (4 are likewise green, whilst the uranate is yellow.^^ 

Cobalt Blue consist^; ('sseiitially ol oxides of eobaft a ^id ahi minium 
'svith luori' or h'ss /iue i^ ide. It is obtained by t'aleiiiing a mixture of 
aluii^ and cob.dt sulphate, aiul is us(‘d by artists in ])ainting porcelain. 
Save for this it lia^' Ubw no commercial value.^- Cobalt blue is also 
known as Cobalt Ultramarine, Thenard’s Blue, and King’s Blue. ' 
Cobalt Gre^n or Rinmann’s Create was discovered in the eight- 
eenth eewhiry by a, Swede named Hinmann, who ohlaiiu'd it by heating 

* Wsli'i', Jii/trcM r., ISOl, ji. IHO. 

* Hus, soil. .7. (■Ifnn. Sur., iSli.'i, i 6 , 51 ; Winkolbloch, Annalai, 1S35, 13 , 748, 253^ 
Ucetz, Antidlin, ISIl, 61 , 472. 

* iSalmlior tnid Si'iuloiviis, ('umpl. niul., 1S!)2, 114 , C429. 

* ^A^ioliMitKaiul Lojiiorn*, Jhdl^Soc, thim., 1S92, fiiij, 7 , 

; * Kalinus, (\uuvljan Ikixirtviait of Ottawa, ltU3, 250; also J. InU. 

Ung, 1014, o, 115; Kulmua ami Harper, Uepurt ,300 ( 101-1 j. 

, • Kalmu.^i, loc. cil, 

^ tScluanann, Anmlen, 1877. 187 , 313. 

* Wwlker, Annalen, 1840, 59 , 34 ; Uemelc, ZdM, anal. Ckem., 1804, 1 , 313 : Donath. 
Monatsh,. 1803. 14 , 03. 

* llcilvall, AtUv. Kcm. Min. (uo!., 1014, 5 , No. 10 , 1 . 

llK|vall, 1014, 5 , No. IS, 1. “ • 

Hedvall. (i/mrj/. 1015 . 93, 313 . * , 

See H TreatUe on Colour Manufacture, /.errand Uubvnkauip, transbied by C% 

^as. Urilltn and Co. 1008). 
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*a«niixtiir<| of zinc uxidt' and cobalt UNitL*. D <*iin 4)C obtaiiu (l^in a 
variety of other ways. Lari^c (vy.stiiR may he yn^pared hy hcatii^f 
zinc Qxidc Mth c»>l)alt carhonatc t«. ll(K) C'., polassiftfii chloride being, 
used as a llnx. The pnxftiet is euolrd in carbon dioxide when thin 
ialmlar crystals are usually »))>taini‘d. gnen in eoh^iii and of diaisil^ 
\naly?jjs indicates a composition c(»!l*csp()nding to CoO. l■^S/l)(). 
It is no^ a deliifite chemical entity, but a si*tid solid ion* of the two 
oxides in one anoth(“rJ '^rquoise Grein is similar, hut contflins soiij^* 
oxide of chromium in j^lodion. Doth pignu nts are lyid in poreej^n 
•jiwinting. Cobalt Red is obtained in a similar fimimer to JtiilTTiann's 
^ri*en. sa\(‘ that the zinc oxide in the latter is replaeetlliv magiu'sium 
oxid(‘.“ * ^ 

Cobaltous Hydroxide, ('o(()Il) 2 . When jiotassinm hydroxiih' is 
added to an a(|ueous solution of a cobaltous salt, carefully freed from 
air, a bliit* precipitate is tditained which, on healing, is eonverti’d into 
the rose-coloured huiroxide. 

Th(‘ blue pn'cijiitatc was at one time reg.irdc'd as a basic salt, but 
Ilantzseh showed that any b.asic salt can be washid out without 
imjiairing the colour of the m..ss. It may be completely dehydrated 
<d J 70 ' (\. whereas the pinl^ hydroxide retains soiiu* w.ater (’\en aUcr 
jn’mongisl exposure to .‘tUO in an atmospluia* of nitrogc'U. The 
loiinula suggt'stcd for th<‘ l»lue compound is. ai*cordingly. CoH.H^O, 
and for the pink oiu*. ('otOll)^. • 

Cobali hydroxide dissolves in ordinary dislilled ^^al('r tt) tlu' extent 
of t‘MS mgs. of ('o(OII)._, per litn' itt 20 • 

Like its ferrous analogue, cobalt hydroxid# readily absorbs oxygen, 
yielding .a brown mass. When dissobed in acids stable cobaltous salts 
^rc obtained, but when dissolved ii%hot, uoneent rated aijueous potas- 
sium hydroxide and allowect |o cool, cobaltiais oxi(h‘ gradually crys- 
tallises in microscopic jirisms •'* which are deposilc'd as a \ mli t powder. 
The crystals are j)leocliroie. of (h'usity O aOT at 15 V'.. jx rmanent in 
air and insolulile in ammonium hydro^idi'. Tliey jTrt* soluble in ae»H(‘ 
acid, in sodium hydroxide, and in hot solutions of ammoiditm chloride. 

I Cobalto-'cobaltic Oxide, Tri-cobalt Tetroxid^ is llu* ( ss( n- 

tial constituent ()f comfncrcial oxide of*eobalt.'^ It is jirodiiced when 
cither of the other oxides is stitmgly laatetl in air, and when eoHalt, 
nitrate is ignited. ^ , 

• It Ts a black, hygroscopic powder, of density a-S l(j ft dissolves 

in hydn»chlorie acid, evolving chlorim*. 

A crystalline form of this oxide results when coltdt chloride or a 
mixture of tliis and ammonium chl(ci<le is heat« il in air or ox/gen, 
microseojfic octahedra possesjied of met;illi(»lusWe Ix ing obtained.’ 

The oxide differs frotn ^ts iron analogue in not Ixing magnetic. 
Wheft strongly heatcd*in the oxyhydrogeii ^lamc it yield:? nTctariif 
cobalt, which, as it^’ools, Ix’eomo taniishe<l will) a film (4 oxidi*.'* "Kic 

* }{(m1wi11, Ihr., 1912, 4 ^, 2 a|if) ; Ar/.ir. l\rrn. Mtn. firoL, 19111, 5i N<). ♦», 1 ; 1914, 
5 , No. IS. 1. 

* Set* H(xlv;il!, Znt<ch. finonj. (.'linn,, 1914, 8f), 29fi, 

^ llantzsfli, Ztit-n'h. r//f#,/.,*19lld 73 i 

* Almkvi.^t, Ztitsrh. Chcin., 191S. 103, 240. 

* Do Schulten, C<mvt. rcv'l^ 1KS9, 109^ CCO. 

* Ranimekberg, Po<fQ. AnnnUn^ l-^49, 78 , 98 ; Zinimcrmnnn, Anva^^, ISSfi, 232 , .824. 

’ Sc^Varzonberg, Annalfjf, IS.'ill, 97 , 2i2; Gorgru, rtnd.^ iSSr), I 0 (i, 175; 

Cibbs and Gonth, Arncr. J. »Sci., iS.j7, 23 , 234 . 319 ; 24 , 8 G. 

* * Head, Tranrs, Chan. 1894, 65 , i^ll. 
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M fVinhT. XK'KKU AND KLKMENTS OF PLATINUM GROUf 
( ‘ * * . . • 

N/irifJus :i( lioiis r.l' /i\ (Iron'd!, iiionoxiclr, and alumiliiuin upo» 

/toll's i)\i(Ii‘ luivr niiyndy hccii (ftscus^^d (see p]). ^ 

Coli.illo (■(»l)nKic oxidr lias hern pirpaird in three stat'es of hydra- 
hoii. 'flic frlhfitlrafe, ('o..O.,.,‘nL(), resuits on warmin^^ eobaltous 
flhydrnxidi- willi .potiissiuin persulphate and heatin^r f|ic resulfing 
piodiicl fo 100 ' (’. with ifduti' nitrie arid.' It; is also ^nirodiiced as 
liniwii pn 'dijiilah' oil f/oilin.<( a solution of roseo-eobaftie siiljd^de. 

^ 'J'Ik Vii nihi/(lr(ii(\ Co,j(),,.(/iI.X), oeeurs as a ‘^reen preeijiitate on 
i^(|din;^ h.ir\ (a t^vali r to a eidd solulion of eobiklt eliloride in vnnn\- 
'ih.- /a7i/i/////i/l7//e.« ( o.j()j.7JI.,(). resulls after exposing: for severtf! 
uioidlis in a vacuum desieeator the brown jireeipitate obtained bj^ 
allow iii;^ eof)aIt(»us hydroxide to rciiiain in eoptaet with air.^ 

Cobalt Sesquioxide^ CooO.,, r(‘sults wlnai cobalt nitrate is ^^cntly 
hcatdl to l.SO’ t'.'* It is a black, amorjihous powdir, of densitv 5 -lM. 
llydi 'o;^t n heydns to reduei; it at IS‘2''' ('/’ It may be ri'^iirded as tJie 
cobalt salt of eobaltous acid, nanudy, euhaltom cobalfife, (’oCo();j. 

Hydrated Cobaltic Oxide, ('o(()II);; or ( o.,().j.nJL(), is oldaiiied 
ill a more or h ss eomplclc stall* of hydration when an alkaline oxidisi-rd' 
such as, for ( xamplc, an alkaline soluKon of ammonium ])ersul))h.'ite,’ 
oi* of sodium hypochlorite,^ is adrh'd to cobalt salt. The piX'eipVatii 
Nariis in composition aeeordini' to ilu* conditions obtaininj/ at the 
momerit. When an alkaline solution of cobalt sulphate is electrolysed 
the oxide iv obtained in at least two sta«,^es of hydration, namely, tiic 
(lihiyfrnh\ (‘ooO.,.*Jl 1./). and the trihffdrnte, ('oo()...nII.d).^ 

As obtained by lh« foreiroini,^ methods, hvilraled cobalt ie oxide is a 
blackish brown precipitate which dissolves in a(]Ucous hydro^i n chloride 
evoivin;; eliloriiu', eobaltous chloride passing into solution. The oxide 
thus behaves like a peroxiik*. i 

With well-eoole(l acids, brownish solutions are obtained which are 
presumed ti^^ contain cobaltic salts. 

'flic oxide always contains traci'S id’ alkali. At (’. it becomes 
aidivdrons, but loses a little oxiyi^cn, a small (piantily of C’o.jO^ beiuL: 
formed. ‘ llydroLien Jm i^ins to reduce it at IlOH'., carbon at 2(U)' C., 
and carbon monoxide at 11'^ C .” 

Cobalt Dioxide, Cobalt Peroxide, (o0.j, is obtaiiud in the hy- 
drtited condition as a greenish black' prcei|)itali: by triatini^ aipieous 
sohilioiis of ci»ballous salts with iodim* and, ..sodium hydroxidi*,^- It is^ 
also obtainci^ by .acting on a eobaltous salt with a hypochlorite.^'® 'It 
decomj)oses at I(K)' and when washed undt‘r^M>es [larlial reduction. 

*( Mawniw, /Ait'nli. ufioty. (’/ntn., iJKia, 24, 203, 

‘ ll;irll«'y, /'roc. ('/inn. Sn;., I SOU, 15,' L‘02. 

•' Fivmy, vl;oj. Chini. I'lnjs,, ^ 52 , 35, 2.'»7. <* 

' WiiikclMt'cli, .{minlcn, IS.'ia, 13, 14S, 253. 

« (Jlttsifcj '/jcilM'h. (iHorij. i'/itm., 11)03, 36, 1 ; MuLsBon (d««. C/ilm. Vhys., ISSO, 21, 
> 0 !)) 200 ’ (\ '■ 

MuCunni’lI jliul llunrs, Trnns. C/u ni. X'm*., ISOT. 71, .581). ’’ 

' Mawidw, Zcilsc/i, amny. i'!,nn., lOlH*. 24, 203 ; 'lluttmT, ihiij., 1001, 27, SI. 
(aow't. ('onijit.rniiL^ IS8|), I08, 010 ; Si-h»»>(lri. (/.mi. Znttr.. ISOO. i. 031 ; Hultlicr, 
liic, cil. 

'* \\'t'riiii'k(‘, .\nfiiilni, ISTO, 141, 120; (Whii ami (IliiNur, Znt'^c/t. anonj. C/irm.^ 
1002. 33, 0 ; Hoot. ./. I'/iysici’l ('hew., 100.’>, 9, 1. 

('arnclk'y ami Walker. Tnni^. ('hem. Suv., 1S88, 53, 00. 

Wriiilil amMailT, 1,^78.33,5.35. 

“ V'Mlmaim, Her., ISOl, 24, 2744; lliittncr, Zcitsch. anorg. C/icm. 190I,«27, 8 
Mul/.l, ibid., 1014, 86, 3.5S. 

C.V McIaskI, lirit. Asaoc. lUiKirls, ISO?, p. GOf,. 
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. McCoj]|U‘ll and Hams ^ claim to hare olitaiiictrtho mo nohtf(trti(% or 
cohaltouji acid, lI^CoO^. hv t he ael i«yi or^Kdroi^iMi |H roxide uj)on cobaltous 
liydroxide iij a(|iJe(nis siispensinn.^ IT < ju- acid can ( \ist at all in the f^c 
state it is vi'vv unstalde, allhnnol^ some of it s salts are well deline<l. 

The nioVe itnporlant eohaltiOs are cnhaifous cohalfitc, ('(>('0(^3, 
more esiially known as eohaltie oxidi*. l*o.t ij : and cohalloas dicohaUiU^ 
lV)().2C’o0.j.‘JllJ), wliieh has been obtaineil ^ \{s LilMeniiy^^ hexagonal 
phites by fusion of eolialtons oxide v it h ^^otassiinn peroxide an(,i washing 
with water, llavley ^ hao alreadv indir.ded the existence ot‘ tliis sn);- 
itanee in 1 ST!>, and believed that at lea^-t two otlya hydra! 
lamely. ( '<»(). 2(’o().^. 111., () and (’o().2C’ot k,..‘tl l.,( ), aiei possibly the 
monohydrat(‘, (’oO.’Jt 'o(^ 

^fa^*acsilnn cnhaUltt, M^^fO.CoO^ •’* ; Imiium ridmlfilc. IlaO.t'oO.,, 
and dicobiiltiic, Itat ).‘Jt'o() 2 .'* and a jxflasMafu ddiallous cohallitc, 
KjO.CoO.yCoOn,^ have also lucn deseritied. 

(OllALT AM) StTJMirU 

Cobalt Monosulphide, Cobaltous Sulphide, C oS. oeeiirs in natiin* 

as the minerat syepinaitr hy juii)urifc. 'I'he mimaal has been pri-paicd 
artilieially liy fiisinu eoball Nutphate with barium sulphiile and sodyim 
chlorid(',” 'rile monosulphide is also obtained by heatinix a solution of 
cobalt sulphite ^ to 200 or a mixture of solutions of cobalt sjuls with 
ammonium thiocyanate tn iso' in either ease in si.aled tubes. a.nd 
l)V lieatin<^^ coiialt sulphate and carbon to the temperature M 1 h(‘ 
electric are.' ^ * 

Hy the tirst of these methods cobalt monosiilpliiile is obtained as 
stciTLjrey. eloiiLtated prisms of diuisity 5 * 1 .). 'I'lie remaining proeesst'S 
yield the amorphous substance. Ih’olonired eontael. with air and 
water effects its oxidation to tlu* suljihatis A(*ids dissolvi* it, yieldini^ 
cobalt oils salt s. • 

(’obalt monosulphide is also obtained as a lilaek hydrated precipitate 
on addition of ammonium sulphide fo a mailral solution^ of a cobalt 
.salt. Althbiiifh th<‘ preeij)itat<* is solulile only v ilh dillieulty in liydro- 
chloric acid it is not ol^taineil wlu n hyitrooen s’^lphide is passed into a 
.solution of a cobalt salt aeitlilied with a mineral acid. 'I'he explanation 
is probably similar to tliat uiven for the nickel analo;iue (<j.v.). * An 
Oxysulphide, CnO.C'oS, is^t.ited to result on heatin^^ eoliat monoxide 
in a current, of hydroLien sulphid<t'“ 

• MK'onnrll ai\<i llaiu-.s, Tnins. ( In ni. Sor., Is'.IT, 71 , ."jS.!. 

• Durrant rjO.-i, 87, 17 s)) w.ts n» ( (iiilinn llii.s. Si i; also .IoIj. 

rend.f 127, 100. 

• Hofmann and Hirndlniaicr. Jfir., 39, lU;.). Nii lic! iiinii r conditionb 

yields nick'douH nulii-litc, NiO.Nil W,.!’!) ). 

• ‘^{aylny, ('him. Sms, l.t70, 39, Si ; 1000, 82. 170- 

® Diifan, Vompt. IS'.H* 123 , IMO. 

• Utn^Hwau, Cnmpt. rmd., lss‘». 109, 0). 

^ Hi'llijcci and lluniiniri, , I/// J.ni< t i. I'.HiT. 16, [il, mfi. Sioal <> 

Ann. ('him. l*lnj«., IS.’lli, 51, |u! ; l>uM.tnl, Tutus. ( 'h< llMiw. 87, 17Sl. ( '011I 

McConnell Hnil Hanes, Im . rii.\ n, Is.'iT, loi, ; I'ctal, tfnd.. iS")!!. 

100, 25T; Schwam-nlrt^f):. ihid., |h.7o. 97, 1'lL*. 

® Hiortdahl, (Jompi. rauk, 1H07, 65, 7o. 

• Oeitner, Annaleu, 1 804, *129, .'’o4. • 

W^jinschenk, Zcitsch. Krtjsi. JlKa., 1800, 17, 407. 
lifourlot, Ann. ('him. Vhtjs., ISVUI. |viij, 17, .540. 

Schumann, Annalcn, 1877, 187, 
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Y(icobalt Teti^sulphide, Co^4, has been obtained in tl|e crystqj- 
liue Innn by lieatin^^ solid ions ol^potaj^iiirn sulpliide with cobalt chioride 
in scaled tulxs lo,l(^) dSO'^ (!.* • 

• Cobalt Sesquisulphide^ (’oi,S.;, results wXen a mixture of sul[)hur 
ami Hie earhonales of cobalt and ))otassiiun are raised to^'wliite heat.® 
^'ielsel, in similar* eireuinflauees, yields double sulphides such as 
K^S.nXiS, i^id thus re^einbles palladium and platinum, Vhilst cobalt 
beba\ cs mon; lilv(‘ rhodium and iridium. The position of cobalt before 
ifiekel in the Periodic Table is thus supported. 

Disultbide* C-oSjj. Setterber;,^^ believed that this sulphidik* 
resnlls on liealiin;r cobalt monoxide to redness, either in contact with' 
siilplmr or ifi a curn'ut of hydro«ren suli)hido. The mass is treated 
willi dilute hydrochloric acid, leaving an unsta^)Ie residue of disulphide. 
Moist air oxi(lises it to the sulphate, whilst the application of heat 
expels some of the sulphur. 

Polysulphides. A study of the free/.in^^- point dia^n-am of the 
cobalt sulphides su^^i^^'sts the possibility of the formation of the eom- 
]»lex(‘s ( o^jS-j and t-OgS^.'* Iliortdahl ** claimed to have obtained the 
iornicr ol tlies(‘ by b(‘alini,' tricobalt t(‘tn^)xidc to redness in <'i current of 
hydroiren sulpliidc'. It is doubtful, however, if it should be re«^ardcd 
us K separate elu'inieal entity. ' 

Aceprdinj,^ to C’besiuaiu,’' a polysulphidi', CooS;, is precipitated Jis a 
black mass \ylu*n a solution ol sulphur in acpii'ous sodium monosulphide 
is added to bn^‘ of cobalt chloride. If this jirc'clpitate is dissolved in 
soilium polysulphide sojution and the'licpiid evaporated in vacuo, black 
crystalline plates s(‘paraty out. 

Cobaltous Sulphite, CoSO-j, is obtained in the hydrated condition 
as rose-coloured crystals by dissplvinj^ cobaltous hydroxide in sul-, 
phurous acid and concent ratiui^ ai a low temp(‘raturc.’ Muspratt 
iound lb(' crystals to contain li\’e molecules of water, and Hammclsbcrg 
three. Ruhriii;** .*\ome years bit (‘r proved llmt both hvdrates exist. The 
salt is but si)arin,ir!y soluble in^ water, yieldin<,r a' readily oxidisable 
solution. With alkali sulphites doidde' salts arc obtained. Thus 
Potassium Cobalt Sulphite,® K.,S().,.('oS();., is obtained as ji ])ale red. 
preeipilide on warniiiy mixed solutions (if a roluble cobalt salt and 
pot;/ssiuni sulphite. Ammonium Coba!t Sulphite, (Nll4)..S()y.CoSO.„ is 
prepared in a similar manner.i« A sodium salt and basic subuiites have 
been deserK)hl.‘^ “ 

Cobaltic Sulphite, ^<>^(803)3, has not been ’ isolated, but a])pa- 
reutly it, can I'xkd momeutarily in solution. This was indicated by 

» De Si'riannonl,, Ann. Vhim. Phtjs., 1 >>1, liiij,32, ll>9. See also I. and L Bcllucci, 
A//* /i’. .‘tiT(i(/. Louvi, 1908, |V!, IS. , , 

“ I\Hjg. AnnaUn, ISIU, 53, 73; Schneider, ibui, 1874,151,437; Bcllucci, 

he. cit. 

Setrt'iirerg, Pogg. Aninjcns iSl’O, 7 , 40. 

A'l'’ritMlri('li, M{hiHur(jii:, 1908, 5, 21-. 

•’ lliotldahl, nml., IS07, 65 , 7r». 

“ ('om})i. re ml. , ISOli, 123, UHIS. 

■ Itainmelsbcri'. Pogg. A/innhn, Lsiil, 67, .301; Mii.'inralt, Annahn, 1S44. qo lViO* 
J. CVx://i., 1847, 41 , 215. . . ’ ’ 

•* Uidirig, J. pniki. ISSS, 37, 240. 

* Scliul'/.e, Jahresber., 1804, p. 270. 

BerjjUind, Jiujd. Soc, chiin., 1874, 21, 212 * 

Schulze, loc. Cit, s 

Sotlbcrt and Eltcn, ZciUch. anvrg. GAc ’'**lS03, 4 , 44; Bcottimror. Annnlfin uua . 
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\\lio dissolved cohalt io h\ droxjdc in sidpliurotfs acid. At lirst a 
brown colour was nrodiu'cd. rapidly uivrnif placi- lo^a rosc-r(‘d tint whil'h 
remained permancMt (‘ven on hoiliiiijf, 'I'lic colour chauLfe is altrihutahlt; 
to the lormation of the unstable e(»baltic sulpliiU' which ileconip^"i^'s 
into ctibaltous sulj)hili' and dithionati* rcsijj^cl iv(*lv.. Thus : 

' ,, (oSO,. I CnS (),. 

StalSli' doubli^ and eoniplex cobalt i<v>al Is ai*'* known.- 
Cobalt ThiosuIphc\te, ( «>S.X).,.nll..(), is prepa'<yl •'* by ini\iff;» 
••(piivalcnt solutions ol‘ c(jball sulphat(‘ and s’rMU'iiuin lhi( )^.iPifTT!rtc. 
•Aft<‘r lilterintj off th(‘ insoluble strontiuin sulphate. ^ he solution is 
concentrated over sul|)huric acid, when a (h liepicseetit . dail; red crystal- 
line mass scj)arates out. 

Cobalt Dithionate, CoS./),;, may be obt.aiiud in several states (»f 
hydi'ation. 'Phe solution is l<»rmed by double deeoinp<esit ion of barium 
dilhionate and (■(►bait suljdiate solutions. On concent r.at ieai by expo- 
sure at room lemjx-rature the clear liepiid. freed by lillralidn from 
iiisoluble barium sulj)hate. deposits rose-eoh aired. Irielinie crystals of 
the nrt(ih}/(lr<)(t\ CoS.,(),i..sn/) which are ( xecssivelv soluble in water, 
bi’j^, whieli ellloresce in dry air. Kxposed f o desieeat ion o\ cr siilpluirler 
acid, ‘2 or t molecules of water are lost, whilst n'crysf allisation ft’om 
absolute alcohol yields the herahffdnifc. CoS.O,. . () 1 !.,(). as rose-ttol()ured 
prisms.^ 'riiesalt may also be obtained by dissolviniM-oball ie hydroxide, 
resulting' from the combined action of bromine and eajishie sod;^ upon 
a solution of a cobalt salt, in suf(‘hnrous acid. ,Al lirst a brown colour 
is ])roduce(b due to the formation of eobaltie. sul|)hate. but this rapidly 
cives place to a rose-red colour, which is permanent even on boiling}. 
'J'his is due to decomposition of tjie sulphate inio the sulphite and 
dithionatc respectively : 

Co.2(S();,).j {‘oSO.j b CoS./),;.''' 

^Vith concentrated a(pieous ammonia the prufainwoniafr, 
CoS.20g. aXII;;. is obtained as small faisms. 

Cobalt * Sulphate, CoSO^, is obtained in the anhydrous condition 
by raisin^r any of its hydrates to dull rejir.ess. o»^by simply maintain'n^f 
the hej)tahydrale at (’. mdil all the water has been exja lhd’; by 
evaporation of a solution of any of its hydrates in eoneent rated sulpfmric 
acid ; or by h(?atin<^ a ln'drat(‘ with ammonium sulphate. i 

Dy the last of tl.ese metho(U tla* salt is obtained irJ» stable, purple- 
red, truncated octahedra, of density ^^dh ammonia jt yields 

thc/<c,ra;//;/?(j;//(//c. CoSOj.bXn.,." lleated in .a tube open at botl^ends, 
anhydr(^us cobalt sulphate be;,uns to decompose at TIN yieldin/^ 
col)alt monoxide.'*^ * 

hil. Meyer, lUr., JOU! ,^4, 

* See Heyhai:). Jifr., 1S7I, 7, ; Hull, Sac. rhinP., Is 71 , 21, L’lL'; Ilittlinann and 

Roinseh, Zdtsrh. Chnn., I s'.H. f6, L'lL'. 

* Letts, J. C'hfin. Snc., lSTn*23, t'JL 

* HfMTen, Annuli, n, 7, I'.Ht 

* J. Mevor, Hfr., l‘jn|, 34, 

* Kammel.stjeri:, PtrU'j. AnuuU 58, 20r». 

’ 1 ’hor]»c and Wat ‘ 5 *, Trunt. i 'lutn. So-'., issa. 37, 112 . 

* Ktard, Compt. n nd., 87, tin 2 . 

* Klahh, ihid., 114, Li j'frrf and Lacluuid. liirl., 1 S# 2 . 115, Il.T. 

Jiiorpe and Watt;? yive ilrrniiy I 1 -I 72 ; iMaU.iiL .*} JU. ^ 

Fnany. .'Iwn. (.'him. /Vc/.?., lK.‘i2, 3^ ; R*j-e, I’uifu. .\iiiiul 4 n. ls:in 20, ITd. 

** H. O. Hofmaan anj Waniiikow.*!^ /. Plum. Hrm.. l'.U2. 10 , 172. 
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r^i ^ COBALT, NfCKEL, AND ELEMENTS OF PLATTNUA^ GROUP^ 

ATiIiydrous coI^mU sijlplia1(‘ is^^ rry ^tnlilo in air at ordinarf tcrnpcrti 
hfn s. Mild dissnlvc ;^ hut slowly in Kot wat(‘r. 'Ltio solution can b< 
iinon* n udily fucjlMnd hy dlssolvin<^^ I lie oxulcs or carbonate in dilute 
siilpliiiric Mcid. I'poii cvaixjralion at rooin tcmpcratun's the hepia 
hii(lnifi\ ('oS(),,.7 Ild), crysl^illiscs oiil. A convenient inelhod ot pre 
pMiiii'j; Ibis hydiiilc roiisisis in dissolving frieohall tetroN'idc in hydro 
chloric M(M(h M«liliin: mu' (‘( piivalcnl of sulphuric* acid’^and allvwin^r tc 
c 4 ,VslMllisc alter cvap«)ratinir oIi“ the hydroi^ai chloride. Obtained ii 
thU 4 >j|a^iuicr \\\K crystals are acidic, but may be freed from acid b) 
prccipitaliou rjorn aqAcous sohilion with alcohol and rccrystallisatioi 
from pure wi^lcu'. 

J he crystals arc red in c(»lour, oi dcnsitv\ I’Blit, and isomorptioiii' 
with their iron and nickcJ analoyiu^s. Thev melt at to OS" ('.,2 
cllliu'csce upon (‘xposurc* to ;ur, losini,^ om* moh'cuh* of water. Practi- 
cally insohibh' in absolute ethyl alcohol.-' llu- crystals readily dissolve 
in iiK-lhyl ah-ohol and in water, the solubility in the last-named solvent 
beini*’ as Idllows ; 

iymp(Tature"C. 0 10 i>p U) 00 SO 100 

(irams CoS().j in • ^ 

* 100 crams ILO 25*55 BO-.55 BO ‘if 1S*S5 00 * t 70 0 sr/'o ' 

Tlu-hcpta.]iydra,t(‘ is found in nature* as the mineral cohalt vitriol or 
hichcritr. 

A* cone(‘iflr?Jcd solution of cobalt sulphate maintained at 25"’ C. 
deposits monoelinic crystals of the hhalit/dnifc. CoSO^.OlIJ), isemor- 
phous with its zinc sulpliale analogue. Density 2*010.^ 

'riie pcntalu/dralc. CoS().,.5IL/), was stated « to result on exposimr ’ 
the heptahydrate over conee-nl rated sulphurie* ae-id. De-nsity 2*i:U. ^ 

I he* tet K(h t/d Kdt\ ( e)S() j. 1 1 IjjO, is oltlaine-el by e‘xpe>sinc (iiu'ly 
povvde-re'el hemtahydrate to ele-sieeation ewer sulplinrie aeid ""until a 
constant we'ii^dit. ,s arriveel at.* It is also produe-e-el by pourinc ib^ 
ce)ne('nt rate'd seilutie))) into sulphuric ae*id.” De-nsitv 2*B2T.‘' 

The trihlfdr(dr, CoS(),j.;jlI,(). The- e-xistence- eif this Ijvdratc has 
not as yet l)e-e'n detinite-ly ase'ertaiiuel.’” 

'I’he- dihifdrolc, Ce)?i(),.2iI.A), is e>btaine-d by be)ilinc the hepta- 
hvelfate* in a line- stale e)!' elivision in al)Ve)lute‘ aleohold^ Density 2*712. 

The* Vionohydrfitc, is preeipi(aled e)n addinc exeyss of ' 

concentrated sulphurie aeiel to ar. ae|Ue‘oiis seeluliem e)f cobalt Milphate ; 
by evaporatie)n e)f an acid solulieai e)f the salt e>n the sand-bath until 

‘ Si-liilT, ISr>S, 108, '2\, Tliorpr and Wntt.s tlu- drnsitv as 1-OlS 

(Ax*.(<7.). *• ‘ ' 

® Tilde'n, Trans. Chrm. Site., iSSa. <^5, ‘Jfii;. , , 

* !>•' Bruya, Zdlsrh. pJni.sihil. Chrni.. 10, 7S4. 

Sriilt'll,* e/c. ((^-oshy, 1007). Si*o "I'lihli-r, Annnhn, 18,7,7 o*? 103* 

vow Ihxwr, A , inuiki. ('Ill m., iSli?.. 103, 114. • * . . , 

-'' riiorpe and Watts, Tratu. Chnn. Sor., ISSC, 37, Hi; Marilnae-. Ihc/urchts sur les 
fornirs rnstallitn.s, 

•’ riayfiiir. Soo Tliorpi' and Watts, lor. rit. 

’ 'riiorpc and Watts, lor. rit. 

** Moissan, Trallr iliChimir Mimrak. 100.7; vol. I v. 

* Tlior|H' ainl Watts, lor. rit. • 

'riio expi'i-iinont <K\siTi)H*d by Vortin.ann (/Ar„ iSSi,, 15, ISSS) i.s not, and is not 
edainn-d to 1 h\ e-oiudnsive. 

riivvfair, and 'riiorjH* and Watts, /rw. rit. 

Etard, ('mnpt. rrml.. 1S7S, F7, (102. 

'AeU'sesrur, .|»n. Vhim. ISOt*, lo, 211. - 
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». 5 \^lphur dioxide is evolved'; and bv luatin^ Iieptaliydr^l/ to 
100^ C. until no further loss in accrues - ; by dreonipositioiy>f 

pur|)nrco-cobalt chloride in a small .piantity oC wati'i’ with concen- 
trated sulphuric aeid^ until ihe sail has passc'd into solulion. Tin* 
whole is then heated to C. on a sand-bath. On e(K)liniv the 

aeid 's decanted, the salt washed with (old water, and tinally wilti 
alcohol. • 

As ])reparcd in this manner cobalt- 'iulphate moiM»hydral'‘ is a red. 
crystalline powder, verv slowly soluble in water. I'lxposed to nukist 
air it slowly absorbs water. At red heat it lost , water, 
•anhydrous. Density .‘M25. • 

Basic Cobalt Sulphates. SevtTal of these have lutn dcserilx'd 
as resulting on additioh of ammonia.' eoball earbonalt*-* or ealrinin 
carbonatt' to st»lutions of cobalt sul|)hate under varviuL,^ enndilions. 
The products obtained consist of blue, bluish qreen, and lilae prccipilales 
of variable (composition. 

Double Salts. Numerous doubh* salts of eoball stilphale 
hav (‘ bta'ii ])re])ar('d. Chief amonL»'sl tht'st' art' salts ol I In* t ype 
M.,S 0 .,.('oS 04 .<jll 20 . where M stands Inr ammonium or ati alkali 
metal potassium, rubidium, or ea'sium. Kaeh of these' sails has been 
obtliined and its erystallographi(r elenu'ids d('l('rmined.'^ 'fhe sfrii's 
is isomorphous with the conrspondin'f ferrous and niekc'L double 
salts, and with their double sel(mat('s ; tlu' individual salts are dis- 
cussed below. Other double salts are cupric cohaUcus .sul^)hnic,^ 
('uSOi.^CoSO^.JdLO, and cohditous nichrl sKlj}halc. ((‘o, NilSO^. Ild), 
in which the cobalt and nickel appear interehan^ able.*’ 

Ammonium Cobalt Sulphate, (Nil |)jS(),.(’oS(),. till., O, is obtained 
by evaporation of mixed solutions^if ammonium and eoball sulphab's 
in e(|uivalent ])roportions. The eryslals an* red, exhibit iiiLj pk'o- 
chroism.^*^ and of densilv 1-87^." 'riuir solubility in wain* is as 

follows >2: 

Te'niponitiin' 'My ... 0 10, 18 28 •.!.'> <i0 7.> 

tJriinis of (Nil p.SO^.Co.^O,. in 

lOU j^rmns^if watiT . . S-0 11-0 l.s ‘J 17 1 10 2.> () .81 si 111 !{ 

An aninjdrous double salt, of eompe>sition ??(\II ,)^SO,.;{( oSO,. is 
obtained by lu'atinj' anhydrhus cobalt sulphale^*^ with cxeefts ol 
ammonium sulphate. contact with water it readily hydrates 
with evolution of heat. ^ , 

Lithium sulphate do(*s not ap})ear to unite with cobalt, sulphate on 
heating in the anhvdrous condition, but sodium .'f^ilphatc \1rlds the 
double salt, CoS(),.8Na.MS().,, whifh decoiupf^ses at (’. * \Vilh 

potassiitm sulphate two compounds are obained, nanu ly, ( K^SO^, 

k Vortni:\im. />Vr.. 18S2^ 15, 1«88. 

• Thorpo and Watts, loc. c.il. 

• Vortniann, lor. m'L * 

• tUbrnnann, Momlfth., 18ii4, 5, 4,32. 

^ Atliana.Hf>co, Com ft. rend., iShb, 103, 271. 

• Mfigen, ('firm. Zrntr.^ i, 18b3. 

’ Tutton, rmw-v. ('Jinn. Sor., l.'^»:5, 65, :i:i7 : /Vh7. Trani., 101."., 216, 1. 

• Scott, Trans. Cf,fm. Son., lS07, 71, r»il7. 

• Scott, lor. rii. * ^ 

Miillor, Poifij. Annalrn, IS.'in, 96, .710. 

tJroshana, licr. Trar. ('him,, 4, 230. 

»» Toblcr, Annalrn, isr..7. 95, 103. 

W Lepierre and I.,achak»d, Hull. Sur^rltim.. JW. 7, 000; C owpt. rend., lS!t2, ir e, 11.'., 



;Vi fr)n,\r;r, xk kkl, as\) elemf^nts of peatinum group^ 

ulifrl^ (Ircnniposr^.jfiovf rAUf CVJjiihI 2( 'aSO^ . K.S0„ which (jrTstalli.Sf^s# 
oul ;j( 7.W *' / 

Potassium Coba!t Sulphate, K,S(),.( oSO,.Oir,0, is iMcpjircd in 
•iiM ;ni;iI(>irons ni;iiinrr fo tin' nmrnoniuiii salt U'idc supra). Its solu})ility 
in vwifrr is LfiNcn ;is f(j|l()\vs ^ 

Tcinprmhiiv ' . 0 12 la 20 ;F0 - 40 40 

(h'.inis nr*K.,S(),.('o.^()j • 

ill lot) i-r;ims 11,0 . lO^’l 00 .‘PJ a^OO f 510 Ol- O 810 

V is 2-212. . , 

Cobaltic Sfilphate, ISIIJ), is ohlairuHl by ch-cl rolysis* 

of coli.ilfoiis r-,iil|)hjil(‘ in a platimini dish, wliK*h si-i-vts as anode', the 
e'alliodc coiisisl iii).r dj’ a platinum wire limners' -d in ii |)oroiis cell con- 
faininL,r dilnie sulphuric acid. 'I'he sail is deposited as blue silky needles 
round llu- anode. It is soluble in water, yieldiiiLT an mislabh- blue' 
solution Nvliieli e\o|\('s ovyi^n-n, the salt bein^ reduced to eobaltous 
sulphate. I’pon exposure to air the crystals oradually deeitmpose. In 
Contact with hydrochloric acid, chktrine is evolvi'd.-’ 

CohaUAlams, M,S(),.(’o,(,iO.,),.2III,() 

i 

Gobaltic sulphate, like the sulphate's of rhodium and iridium, unites 
with t he’ sulphate's of the' alkali metals tu yiehl a se*rie‘s of we ll-delined, 
crystalline' sj^lts known as alums, 'riu'se* are isomorjihoiis with those' 
of iro'ii, mani!:aiiese-. e-liromium, anel ai'uminium, anel torm an interest- 
ing^ link bet we e'll the'se me tals anel the' ee-ntral \ e'rlie*al e-eelumn in 
(Jre)Up \’IIl eif the' Pe'i’leuTu' Table*, eel’ whie-h e'edumn ('e)balt is the* first 
nu'inber. ^ 

Ammonium Cobalt Alum, (Nli o.(SO,), .2111,0. was tirst 

pre'pare'el by Marshall,^ who. t‘re)m a pe'e'uliar e'liaiii^e' in e'ohair e)bse r\'eel 
in the- e-le-e'tredysis ed' a soluliem of ce>pi)e‘r-e*eibalt pe)lassium sulphate*, 
was inelue'e el to e*le‘et rolyse' a solution e>ramm<»uium anel e*oball suljihale s. 
acielilie'd with sulphurie' ae-iel in a'Uivieleel e'e'll. 

'Idle* solution passe-s t hrouifh a se-rie-s <4 e'liani^e's e)!’ eoloni*, nit imate lv 
be'cemiiiu,^ Lrree'uish blue^,pn e'onscMUe'iiee' eif the- eyvielalion of the* e'e>balt 
te) the Irivale-id state*, d’his suuj^u'ste’el J he' Ibrmatioii of an alum, anel 
by eenit iniiiuL,'- the* I'h'et rolysis for se*\e'ral elays. anel the n e*one*ent rat in<; 
the seelutiein, blue* e)e't aheelral crystals we-re* ^)btaine'el. a lew e'rVstals, 
sheuvim^r I'ae'cs Ef dexle'cahe'elra .‘inel cubes. ^Vhe•M t heirouLfhlv elry the* 
crystals jire* ne)l unstable*, but the'ir sediition is ejuiekly reelue e'el, altheiUijh 
the aejelitieeii eefelilute' sulphuric acid ine're'ase's its stabilitv. 

Potassium Cobalt Aliim,^ K-^SOi.C o,(SO,).j.2 HI,0, was ejbtaincd 
by Marshall mixeel with potassium sulphate as blue* e»ctahe'elra in a 
simijar inajine'r le> the* pre-ctaliiu: salt. ' , 

•Rubidium Cobalt Aluin, itb,S(),.(‘o,{S(),).,.2 HI,0. and Caesium 
Cobalt Alum, (‘’s,S(),.Go,(SC)j);r-lll 20 , have like'wfsc been prepared 
liy I'le'e'tredysis,'* the* alums formiip: at the* aiunle'. Tiny e*rvstallise* out 
as minute, de'cp blue eicrahe'dra. stable in dry air, but deceempeisin^ in 

' Palt'jwjnl ami Mamtta, (htz'.rttd. 101.1, 43, (ii], ISi). 

* 'fiil'li'r. hn', ni. 

’ Marstiall. Trun^. i'hrni. Sor., ISOl. 50, TOO; (A'panx, .tVn>. Chi)n. /V/ys'., 100."), fviiil. 

6, r>e1S. " ^ ‘ ' 

* Mars'iaM. Pror. Pojf. Sor. Ktiin., ISSel 7, 14, 2el.1. ‘ 

' J. ),. Ifowi* anil e)’XiMl, .Pyt'/*, i'htm, iS' jr., ISOS, 20, 7.>0; ropaiix, loc, fit, 

r> > ■ * ' 
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•n:4)iNi. air^to oohaltoiis and alkali ^uh^lla^{^ In lliry ra^)i( 5 ly 

(Iccoinposc, (‘volvimn; oxyi^cii, tlu- •[•oh.fw lu ini^r i\ (hired lo llu* di\ jde||t 
col )aU oils (Vaulitiop 


CODALT AND SKLI-LMI’M . 

Several seleiiijes ofeohalt an* kiuov'., oaiiH'I^ J (O.Se. C^oSe. ('(►.jSc',. 
CooSc;,, and CoSe^. 'riiev are all sloub- d(‘eoni|)tts( d hy liyijntelilorie 
aeid and l\v liydro^^en chloride* af nii^li tcinperat ure'-:. IIydro^(i'; 
converts the three last-nanu'd s(‘leiiid( s into the sn.V,>f h'nidt' at^liiile 
4ieat ; and it’ the process js prolouLfed a mixliin' ol iik t;Jlie eohalt and 
S('l(‘niiini iilliinately nanains. Healed in oxyeen. oxides of M'ltaiinni 
and col)alt rt'sult. 

Cobalt Subselenide, (t^Se, On redneire* eil her the ses(jiiiseleni(l(‘ 
(-jr 1 ri eohalt t(“t raseh'iiide in a eiirrent of h\ dm^J ii at hi i'^hl red heal I h(“ 
siihs<‘lenide is o])laiiied as a hrillian! sil\ci‘ while mass. 

Cobalt Selenide, CoSe. is yielded in an ainerplioiis eoiidilitai hy 
healinu: eol)alt in selenium \apiMir. It also n soils wlien hydrogen 
seleni('e is passed over eohah oxide, or |•|■e^erahl\ Ihe anli\ (Irons 
chlorate, at hrinihl red heal. 

^rlcobalt Tetraselenide, (’hlaiiud in the eryslaliinc 

hu'in hy heatiiiLi' eohalt chloride to dull redness m a niixl nr** of liNdmuen 
selenide or chloride in iiilntLaai. d'he resnIliiiLj crystals an niinult' 
regular oetahedra, \ iolet-iir< v in e((lour and isomorphoiis ^\ it h //////u /Ze, 
(d.jS ,. Density < 1 - 5 1 at 1 .") (’. • ^ * 

Cobalt Sesquiselenide, ld..Se.,, is foriued hy ])assinn hydro,::! n selenide 
over eohalt chloride at dull red Ixal. It is a L;re\’ am(*rphous mass. 

Cobalt Diselenide, CoSe,. is ohtaimd in a similar maiiiu r to 1h(* 
])n‘eedinn eompoimd as a \ iolet -::r('y and IViahle mass which readily 
loses selenium on heatiiiLe (’onsecpieid ly il is necessary to cease 
healim: Nslx n th(‘ (MU’renI ol hydro^aai seleni(h‘ is slonpeiK and lo cool 
in an almosj)here ot nitroLien, 

Cobalt Selenite, CoS( ();,.‘Jll.j(). <'r)lain(d hy doid)l( deeomj)ositioi^ 
of sodium *eh'nite and a soluble eohalt salt, i a heanlilnl red-\i(»let 
crystalline powder, ins(#lu))le in water.- • # 

Cobalt Dlselenite, ('oSe();,..'ieC).. is ]>rej»ared hy concent rat iop of 
M soluti(m ol the preceding salt in scIciukus acid at fiO II. yields 

mieroseopie er\'stals ol’ a dt*ep violet colour, insolnhle in eold«wat( r. and 
hut sparingly sohd)le in hot w'at(*r.‘. * 

Cobalt triselenite, ('oSe().,.*JS( ( ).. H,,(), has l^cn prepiired in 
.nnaloLious manner.' , • 

Cobaltous Selenate, C(».Se(),.nII.,(). is krown.’ When a neutral 
soluti<»n (»l'this salt is heated in a si ahd tube lo ‘J.lio ('., an insoluble 
bask* salt is ohtaimd tl*e Idrm ol small n d ne(dl(s. lo^\hiehJhe 
formula KdO.JhScJtl.j. HA) has been L'iven.’' * ^ • 

Cobaltic Selenate, Co^iScOp^. isll .O. is an unslahri sail obtamc'd 

hv' (‘lectrolvsis of eohaltons selenate at lO 

• 

’ Fonzi'.s- ('nnifil. I'ligl., 13I) ("I- 

- Nilson, /jMiV. •'"(•. (ftnii., iNTr^, 23, '’•nl. 

^ Nih(»a. /'(■’. '■?/.; f iJ u".. Iss'.i, j\ii, 

* hif'. fit. * , 

(Ui(l Christi.'inscn, VI A/i. ( him. Vhy ... I*''T4. i, 7l’. 

* Itogrkin, Jiull. Sor. rfnih., Isa.'l, (), .sSii. 

^ C()i)aux, /lw«. f’hifn. 6, "ms. 



5S 


COBALZ SICKKU ASI> ELEMENTS OF PLATINUM OROUE 
( OILVLT my ;fKLLTJRIUM 

Cohalt Sescfiiitelluride is ^ in tlic hydrated form, 

m .O, ;is .1 bl.'ick |)n‘ci|)ital(“ wlicn absolution of soc^iim telluride 
's added f o one (»!' v<»l)all ace tate in dilute a(|uc<)us acetic acid. ^ Itydro- 
ehlorie and sulplmrie acids arc without action upon it, hut nitric acid 
effects its oxidalion. St liOO" ('. it loses walcr, and iit red lioat, tcllu- 
h(‘aled till no fiirfliVr loss in wc^^,d)t occurs, Cobalt Mono* 
(V/rc.vis^ oht aim'd as a f^rcy, crystalk' no substance of metallic 

Cobalt 

|>n‘ci|)itat(' 

chloride. •' Wdien heal('d to KH)’ U. it. melts without change of 
(‘oloiir, and loses wafer. 

CORALT AND (TIUOMIUM 

W'utral solutions of cohalt .salts produce' with potassium chromate 
a reddish brown jirccipitatc of hydrated basie; cobalt chromate, 
UoO.CoUrO.,. A(|. 'riiis reaction may be utilised in dctcctin«r smal* 
(|iRUd it i{'s of cobalt.^ '' 

Col^alt Chromate, CoC'rO,,, is j)rcparcd ])y heating' cobalt carbonate 
and chromic acid solution for several hours at 185 ' (’. in a scaled tube.’’* 
It yi(‘lds cr(»yish black crystals, readily solubh' in hot dilute nitric acid 
(cont*rast nickel chromate). The dih^drate, ('oUrO.,.‘2H./), is obtaiiual 
l)y th(‘ interaction of coi)altic acetate and potassium chromate. It 
yields bron/e-colourcd prisms or Icallcts."’ ‘ * 

Cobalt Dichromate, ( o('r.^()«. II./), is obtaiiu'd by hcatiu" aii 
a(|Ucous solution of cobalf carbonate and chromic acid to a hi«jh 
temperature. It occurs as black dcli(|ucsccnt cryst;ds.'^ 

Double Chromates. Several doubh'chromat(‘.scontainin<; cobalt have 
been prepared, .tninioniuin rnhalt (Nn,,)2^’*D.,.Cot'r(),,.(iII.,0, 

is obtained by iulcra(‘lion of aihmonium ehromale and cobalt acetate 
in aqueous solution Ml low temperature.s/’ and the e(»^r(‘s|)ondin^ 
catduni cnlxdt rliromai: is kiK'wn.'’’ Other eoviplex (hu'ivatives have 
lu'cp described.’ 

('ORALT AND MOLYRDFA'UM 

I ^ 

Numerous k'omj)l(*x molybdates of cobalt have been prepared anfl 
described.'** 

Qobalt Molybdate, UoMo()4, occurs in nature as the mineral 
pnfrnuti'. It maybe pr(;pared ar'titii’ially by fusiiu,Msodium molylKlate 
with th(‘ chlorides cd’ sodium'and cobalt. ‘The pnuluet is ^rny'ish creen 
iin^olour.^^ The m())nih}/dndt\ ( oMoO,,. ll/)* lias also been preparci|.® 

' ^ Ti)>tKiIs, J. Aftirr. ('hrm. sV., UKKl. 3:, 902 . 

tie l*uris, 1879; TiObats' /<><*. cU. 

* fit'iilu'r tui<l Wulfsciisky, s<‘(' rrfernur ami note. fl. 124. 

* IJ. liuU. *Ser. rhinf^, 1911. 9, 2lb 

* Hrijigs, Zfitsch. anortj. ('htm., 63, 1125. 

® l*i’i)igt», ihiiL, 1907, 56, 240. (^mipan* l!n’ij;rr.*?ro7Afjli. onoff. Chtm., 1908, «;8, 412; 
1900, 49, 19r». 

’ Krorso, Poijg. Annnh'ti, 1870, 140, 2r>l ; ’Malamilti aitvi Sar/.rau, A«». Chim. Phyj^.^ 
184.‘l, 9, 4*11 ; I’retbrius, Annalcn, IS.SO. 201, S. . 

" SottUllik. AnntiU n, IS07, 1*44. 2,*12 , Srlml/r. ./, Chov.y 1880, 21 , 440;eFriod- 
heiinaml Kollor, lU r., 1900, 39, 4:{01 ; Mliaaclnivit.'^eli, /<i7.frA. Krysi. Min., 191.3, 52, 3G0,\ 
•? iSi'hiil/.o, Annakn, 1807, 144, 232, *■**,, 


J^luiite, UoTe().j.lI./), results' jis a dark purplc-bluc 
will'll sodium tellurite solution is added to one of cobalt 


niini : 11 

te llii ride, 

liisIreT- 
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COBALT AND NSTHOOKN 

When cobalt has been quaint ained afn'd heat ff)r a considerable 
tinu' in an at^nosphere of piPiv nili‘ni{en. it beeoines less readily altaekiMl 
by nitric acid, possibly because of the Ibn^ation (>[ a trace of nitridi; 
upon its surface. 

Cobatt Nitride, Co.^^' has been pre))ared*by heating 

cobalt in annnonia vapoi.:^to a little b^low 500 tlw' inosi favour- 
able temperature bein<^^*l- 70 ^' C. The nu tal sK'wly eo|^ibines ^vith ttte 
4nt.ro^cn. some ])er cent, of the ijas bc iiiLj aKsftrfx'd.- — 

(V)balt nitride is a dyll ,u:rey powder, ri'adily solid)l(' m hydrochloric 
and sulphuric acids, yielding eobaltous salts, the nitnmeii iH ini: liberated 
as ammonia. At 000'^ C. it ev<»lves nitroirt'n,,sn that tlu* formation ol 
cobalt nitride can only proceed within ve ry narrow limits of teanpera- 
ture. Tt is eomidetely decomposed when heated in hydrogen or ste am : 
in th(^ latter ease* the rejection prex^e'cels sleiwly. 

Cobalt Azoimide, ( and a Basic Azoimide, have 

been eibtained in mixture* by ('urtius-'^ as a viole't powder. l*o!<is- 
cohaH()-(iZ(nmi(U\ KN'3.Ce>(N3)2. is eibtaiiuel as a liri^hl blue 
cr\%*alline pre'cipitate whe‘if eonce'nlratexi solutions eif the* two azo- 
imieh's are mixe'el. It explexles at ‘ 2 * 25 '' C. The* (iwnio)nuin analoi^me, 
Nir4N.j.Cei(N3)2, has alsei be'cn pre[)are*d. 

Nitro-cobalt, C'o2(Xt)2)» is e>btaine‘el as a black mass when nilro^^e'n 
peroxiele* suitably eliluteel with nilroieeii is passeel osea* reehiecd e'ybalt.* 
Water ele(‘om])oses it vi<,X)rously, (‘obalt nitrate* with NX'ry little* nitrite 
is pre)due(*eh t()^‘ther se)metim(‘s with a !)astc sail. When lu'aleel in 
jiiitro^a*!! it e'volves nitrous fume*s, then decomposes with almost 
cxj)losive vie)l(*ru'e. le-avini,^ a mixtuit* of f*eilKdl and its eixidi*. 

Cobalt Nitrite. " No nitrites of esiball have* as yd been isolated, 
altheai^de basic salts*'’’ anel dembh* nitrit(*s of e'ob.all an(M)ther metals 
have been jire pareel. 

Potassium Cobaltous Nitrite, o(XOJ..,? IL.O, is oblaineal 

by aeleliibLl^xitassium nitrite* tee a ne*utral solulio^i of cobalt e*hli>ride. It 
is pree'ipitate el as a yeHeew, hydrateel nwe>s. whie*l^ is seiluble* in he>t water 
te) a red seilution.® 

The Cobalt in iiriirs 

The cobalti-nitri'es have* be*e*]i ;^M-e)upe*d by l{e»'«enh''i^i anel Keijipel ' 
into lhre‘e e*iasses e>r type s, name ly : 

1 . ^UgO.C'eioOa.OXXlT 4 a’HoOJxxanitrite'S or yelleiw cwbalti- 

• • nitrites. 

2 . 211., O.CeioO.,. 1X4)3 .rILO, te-lranit rite s eir reel eX)b;dti-nit rites. 

* 3 , 2J(.4).C<i2():,.:i>.4)3 4 .rII.X). trinitriles. 

As the autheirs peiinl eayt, it efoe*s ne)l. appear to be* jL^»ne rally po<fsiblc 
to determine the e-emstitulieni eif thf‘se substances l»y orelinary jihysieo- 

• 

1 iSt. Eelmo? Compt. rciut., ISSO, 

* Ei'ilby aixl HoruVn^on, Tmn.^. Cfttm. S»r.. 1001, 79 , 1201 ; Suhaticr and Sundurmte 
Ann. Chinu Phiji., IsOd, 7 , slot. Tlx* fornmli (’r.,N4 r(»|tniuH Hm;;; jk t rent. r)f nitrogen. 

* Ciirlius and Uissom, ./T prnkt. ('h^tn., ISOS. jii|. 58, L’Cil. 

♦^abatier and Sonden-nH. HutK S(.<. ctiiw., IsOlt, jyi!. 9, e;e;o. 

* Hainpe*, Aumhrt, 1S(5:{ 12 $, 24:i ; Suzuki, TrunJi. Vhnn. Sor., 1010, 97,,72G. 

* Krdmann, J. praki. ('him., lse»«;, 97, Oso. 

^ Roeei^eim and K<^»|K‘ 1 . Zfihd^^afiurtj. t’Arw.. 1808. 17 , ?.r>. 
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clMijiirnl /iirl lio^s, ^fnr sonK' them arc insolnhlo in waiter, otlferS 
he i‘( (li'.snl\ (‘(l after crt'MalhVaf ion wit lion! dcromposition, and 
V(‘l nllicrs li;ivr jkA heen prepared in a sntliciently pure siatc. There 
can )»e lit lie doiiht, lif)U'e\er, that they arejnrjt simple rl aulde salts, hut 
ee/jjplex hadit's, ;ui;il()>r(iu^ t o (he eohalti-evanides. whif*l/arp discussed^ 
'in a later seel ir)ii. * 

f ^ <• 

,T\ pe I. .‘ilLdt.C oj\..0\.,()., or H^( o(X().,)^,, G.ohalti- 

, hexanitrifes or V(;llow ( m)alti-nit ‘ites. 

'* 

^^assium^ Cobalfi -nitrite, K.,(\)(X()2)„..rlI/J, is the most familiar 
exam|)le of jliis type. It is also known as (v/m/t i/Hlou' and Fischer's 
salt ill lioiioiir of its diseovererd It is readily jm^j^ared hv addin^^ 
potassium nitrile lo an iKjiKsms solution of a soluble eohalt salt aeidilied 
with acetic acid. It results in a very pure eondition when eohalt 
earhoiiale is suspendisl in an a<jU(‘ous solution eontaiiunt; an e((uivalent 
amount of potassium earhonati* or nitrite*, and tri'ated with nitrous 
fumes (result inir from the* aeti<m of nitric acid upon arsenious oxide) 
until it has suffered eomplete' (leeom|)osition.‘'^ The amount ofeomhined 
waliT varies from 0 to !• moleeiiles aeeordinj^ to eireunist anee's. ^ 

^It is a. hritflil yellow, crystalline powde'r, insoluhle in water, ai/w on 
aeeounl of its stahilily or “inertness” is used as an artists’ pi»^unen{. 
It is a‘ ve'iy |)ur(‘ eoinj)ound when ])repared as indicated above, for 
lU'itlu'r iron nor uieke*! yie lds a eorn'spondinie derivative* ; it is the*reforc 
vahieel for paint in^^ pore*elain, he*e*aiise the* blue colour produe'e’d on 
bakini*' is e'orre'spondiitjrly pure* anel beautiful. Furthermore, as has 
already be'e'u me*ntion(*d, I he* sail yie*lels a valuable nu'thod eif separating' 
nie'ke'l from e*obalt (see* j). ‘it). 

Sodium Cobalti-nitrite,' Na;{(^e)(X()2),., is best obtaineel by the* 
ae*lion eif nitreius ae*id upeen a suspe*nsion of e*obalt earbeinate* in the^ 
r(*e|uisit(* (|Ujpitity eif sexlium nitrite* solution. 'I’he lie(ue)r, whie*h at 
lirsl be*e*e)me’s redilish lirown, afte*r s(*veral hours assunu's a dee-p brown, 
jJmost blae-k eolour,“is lille real, aitel the* sodium eeibalt initrite* in solutiein 
is pre'eipitated by the* velelilion of absolute alcohol.*^ I'uimiVi^'ham anel 
P(*rkin prepare the* s^lt by di^ssoh injr !.'»() <rrai>is of seulium nitrite* in 
he)t water and, after e*oolini^ te) L') .'lO'M'., addinef .^O L'rams of eeibalt 
nitriTle until all has elis.solv(*el. (ilae*ial ae*e*!ie ae*iel is now aelded. anel a 
rapid e*urre'nt e)f air is aspirate-d IhreHi^h te) ivme)ve oxieh's of nitiV)!,^*!^ 
On addition oUaleeihol the sodium e'eilvdti-nitrite* si'parate's out. 

The* salt may also-* be prepare*d by aeldinj.' ll.'t Lrrams of cobalt 
ae*e‘tale ui elilute '^lee tie* aeiel ^ te) a solutiein e)f 2*i0 ^'vams e)f se)(liuni 
nitrite* in tOO e.e*. e)f wate*r. " , 

Sexlium eeilialti-nitrite, as'obtained by fhe fore^'^'oiui' methoels, is an 
orani'e-ye*lle)W powele*!*, rexielily se)luble in Nvatef, yielelin^' an intense 
brownisii Xellow seiliition? which dee'eimposes e)n he'alinf;. Dammer 

* "AV. Kisriu'r, /Ml/;/. AmuiU n, IStS, 74, 124 . The samp salt was tliscovt*naI, iijifiarcntly 
ilxlcpt'iideMtlv, l»y St. Kvn* (•/, pndt. Chtm., 54, St; (':nhpl. nuti., IS.'U, 33, ItUi). 
See also Knliuanii, ./. pmU. eVw ni.. ISHU, 97, ;}S;'i : Sadtlt-r, .1 J . Sri., ISTO, 49, IS!). 

“ Kosmhi'iin and Ktippel, Jor. rif. ; Pay, Tivus. Sor., Sp,*.'.')!. 

“ Kdsotihi'iin ntul Kcpprl, hn\ rit. * 

* (’uiminiiham and IVikiii. Trnns. Chou. .SV., l!)a!y 95^i.">ri2; Uiirjfrss and Kainm, 

J, i'hr>u. Sor„ l!U*J. 34, avj. 

^ 'r. n. Adio and 'f. It. Wood, Tnui^. Chon. Snr.' l!X)el. 77, laTP, So* also s’e^dtler, 
Am>r. J.JSri., ISTU. 49, ISD. 

* .*{(K) (*.t*. water and liM) e.e. glacial aortic avid. 



Cobalt aed rrs compounds 6i 

• 

Tiys me gitiL having 2J moleculciJ*of Wiifer. ^Either the salt^o 
which he refers was not dry, or clseAtlic alcohol uVd in prcpflriiig 
Cnnuinghanrs specimens dehydrated them. A cluiraclcrislic rcacliilv 
of the soUiti(^n is the ])refiipitation by it of ]u)tass!um, ammoninm, 
barium, or h^ad cobalti-nitrlte \Yheii added to a solution containing a 
soluble salt of t)ne of these medals. 

Sodium P’otassium Cobalti-nitrite, Nal\.d o^Aii jy.ibO, results on 
adding absolution of sodium ce)i)alli-nitrile to a solution tu ])otassium 
ehloriile acidified with acv'^ic acid.^ Tie. salt is obtained as*a yellow; 
precipitate, one part of wliich reepiires 20.000 parts of w«ter for it s cia n- 
^lete solution.' The eoiiditions given must be*e{^reful|\' adliemT to, 
otheiwvise preci])itatcs of*varying coin])osilion an* ol)tained^ieeording to 
the relative jaxjportions eff sodium and j)otassiuin. 

Ammonium Cobalti-nitrite, t(\n ,);j( was first pre- 

pared in 1<S5() by (iib])s and Genth. Krdmann - obtained it by tlie 
action of ammonium nitrite upon cobalt chloride solution aeidulatt'd 
witli acetic acid. It may also be obtained by adding semiearba/ide 
to a solution of .sodium eobaiti-uitrile and by double d(‘e(Mnposition 
of solutions of ammonium chloride and sodium eobaiti-nitrite ; or by 
addition of nitrous acid to a suspension of cobalt carbonate' in the 
rc(jfcite (plant ily of ammoftium nitrite solution.' In all tliree e:j|St’s 
the salt is jiiH'cipitated (»ut. 

Ammonium cobalti-nitrite is a yellow powdc'r. almost ins(»f\ibl(’ in 
cold w'ater, yielding on w'arminga y(‘IIow' solut ion, which siuuiltaneously 
decomposes. >Vhen dry tiie salltis (piite stal)!('. and may lie kej»t Ibr 
months without decom|K)sition. * 

Barium Cobalti-nitrite, Ba,|(’o(N().d,il 2 *l is most eon- 

^venienlly obtained as a precipitate by addition of sodium cobalt i- 
eyanidc to one of barium ehloridef It is yellow in eohuir, and not 
quite so stal)le as tlie alkali salts.' 

'i’he corres])ouding double nitrites ol easiinn,^ rubidpun,^ sils’ery' 
and h'ad,*’' have also been prepared as insoluble yellow ])r(‘eipilates. 
llosenheim and Koppel attribute l^bmoleeules of water to the last- 
named. whtlsl ('unningham and Perkin tind 1 nv)l('eules of water alti r 
the salt has Ix en dried^iver pliosj)horus jM idoxit'iC. 

Type 2. 2R^().CoA);,, Jb, Cobalti-telra-nitrites or Ued 

• C'olialti-nit rites. 

Red Sodium Cobalti-nitrite, 2NaA).t oJ);,. To obtain this 

salt, nitrous acid is added to a suspension of cobalt^ earbonalt' in the 
re(piisite (juantity (»f sodium nilrilt- s<»lution until a reddish Urown 
colour is*altaine(l. The liqutir is evaporated l»y e.xposnre over sulphuri(! 
aei(^ leaving a reddish brown crystalline powder of the above composi- 
tion.' Aleoliol does n?it |)reeij»itale I hi-, salt.from its afpieou^ ^^)luH(al, 
neither is a preeipft.'ite ol)tained*wilh a solulde polassiuip salt, bi both 
these' features, therefore', fhe red sodium ee»ba(ti-nit rite ditfers fnaii the 
yellow salt already described. Coiitimad treatjia iit with nitrous o\id( 
converts the red sylt into tin* yellow deri\ alive'. 

• 't. H. Adie and T. lb \V««nl, /<a’. cU. 

^ F^rtlmann, J.jfi.akt. Chm., 97 , 

“ Cunniniibain and Perkin, loc. cit. 

* Rosenheim and KopjH‘1, luc, (:iL 

® Hodcnbiadt, IS^r., 1H80, 19 , 2031. 
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‘Red Barium C<Aalti-nitritei“iHaO.C<)j,Oj. iN./).,. loYliO-j-On pass-* 

iniT nil nms oxidr into a siisjn jj^sion^of cobalt carbonate in a solution 
(?r‘ I Ik n ijiiisile (iiiaiilily of barium nitrite a dcc]) red solution is first 
Ibrnu-d. This isdilh red off before the \vlir)le of the cobalt carbonate 
lijis (lissob cd. .‘ind e\ ajioraled over sulphuric acid at ioom^tcni|)erature. 
Al lirsi a liiHe of*llie yelli w barium cobalti-nilrite separates out, but * 
liiially d( cp red eryslal^s an* oblained. ajipcarinj' <,n*( 7 -yioK‘t by relleeted 
li^ld under I he mieroscoped 'I'lu' crystals caimol be redissohaalSn water. 

Red Strontium Cobalti-nitVite, *iSr( ).('(*/).,. tN./);,. 1 1 ILO, may be 
are^ired in an va|ialoL;(iiis manner to the barfum salt, which it closely 
•(‘senibles. • ^ ' c 

P()tassiin»*i and ammonium d(‘rivativcs of /.his type have not been 
isolated. Owini,^ to the insolulde character'^of their yellow eobalti- 
nit riles no inlermediatc red salt seems to be formed durinj^ their 
prejiaration.* 

'lype .‘h (‘oballi-tri-nitrites. 

Zinc Cobalti-tri-nitrite, 2 /in().(’o 3 ().{.;{N' 1 1 II.O, is obtained by 
doid)le di-composit ion ol r(*d sodium coball i-nit rile and /,inc chloride 
solutions. On concent rat ion over snlph^irie acid at room tem|)era- 
tm\' small (*r> slats of the zinc salt an* formeil.^ Theset are 'ueep 
n‘d, ah’iost black in colour, and [iroliably belonij to the monoclinic 
system, 

* Silver Cobalti-tri-nitrite, occurs as a 

lirownish ^ury, micnK^ystalline prec^ipitatc on addin;^^ silver nilratc 
solution to a c()nccnlral(“d solution of zinc cobalti-nilrite.' ^ 

Cobalto-cobalti-tri-nitrite, i >0 . ( o.,0;, . ♦‘iNd )., . ,rl 1 ^O.- - On pass- 
in^^ nitrous oxide* into a suspeusijon of cobalt carbonate in water ai 
brown solution is obtained from which small, almost black crystals 
si'parali^ em concentration at. room temperature. 'J'hesc are usually 
conlaminali'd with red crystids of cobalt nitrate.' .Vnalysis shows the 
crystals to have theaiomposition ^ 

•J(’o().('(i,()3.;jN.,()3 1 OKNO^).^ -f A- 

It is uncertain whetlH'r the* (vobalt nitrate; is un inte^n'al part e)f the 
moKaadc eu' sini[)ly an ae’e’ide iit.'il impurity. 

Cobaltotiis Nitrate, f ‘KN0:{)2’ niay be eil'taineel in the aidiydrou3> 
e'euulilieui by I lie* action e)f nitrie* anhyelride, en* ii se>lutiem of this in 
nitric aedel n|U)n ti’e- liyelraleHl salt.- 

Ibis II slij^dilly pink powelcr which deceunposes at 100'^ to 105'^ C., 
e've)lvini( nitrous fumes. ' , , * 

A seilution e)f cobalteuis nitrate in waiter is readily prepared by 
elis>v:)lvinirJhe e)xieles e)r carbonate in elilutc nitric aciel. Sle)W ew’ajiora- 
tieNi\^ yie lels ivel, mone>e’linic prisms e)f Hie htwahj/drafi, ('o(N 0 .,) 3 .()Il 20 , 
eif ele nsily 1-S;{.'‘‘ 'Phe' e*ryslals arc ve-ry slightly ele liepiesernt in> me>ist 
air; eiver ceme'eadratcel sulphnrie' aciel they elllorcsce. They melt at 

C'."' te) a red liepiiel wliich, at hiL^lu r Jemperal ure's. thickens, bce?e)ming 

* Ro.senht'im juut Kiippul, /or. riV. * 

a (tuut/. and Martin, Hull. Soc. lUOU, 5, 1001. Sec Ditte’, rcrui., 1879, 

89, '>11- . . 

* Mari^natx .Imh. Minoi, 1S.M1, 9, 30. 

^ * Ordwivy, .loar. J. ^V/., 1859, 27, 14 ; Funk, Zcit^ch. anorg. Chan., 1899, 20, 303. 
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*11* « “ * 

^rgcn, an(j dccoiiiposrs cvolvino brown fumes lenviii^ a residue #of 

oxide. TIic solubility of the hexajiyd^^te in \vater is*as follows 

TrmfKTatiiri; ° 0. . . ~ 21 - 10 - 4 0 • IS 41 50 

Grams Co(N 03)2 JKT 100 grains • * 

solution -I • • . *41-55 43 ()0 4 I-S5 4r) lii; 4!l 73 r>51Ui 02-SS 

A Sf)lutioi^ of e()baltous nitrate saluratfd al C’. has a ch‘nsil\i 
of r575.^ Ihtwefii - and H ' ('. tiu* eoni))#^ition of t^e saturated 
solution at any temperature is ;,Mven by^the exjiivssion ‘ : 

l'<.(X()f) 2 *j ( 12 -I.s:! (clOlTTOll.O. ^ 

- There is no evidence of llie exisleiiee of ii Ufrdliiiilrijjc. AVIffirtlK 
hexahydrate is kept at to <i() ('. in lat uo, or when iiu yed and kejd 
at 70" to 7I-" (^, three iftoleeulcs of water are lost, and tiu* frihi/dratc, 
Co(NO.,)o..‘JlI.X). erystallis(‘s out in lari^e, rliombif prisms. Tlus(‘ melt 
at 91" but do not lose any more wate r witlionl di composition.^ The 
solubilities of the trihydrate in water at various tem|UMatnres are as 
follow : 

T(*m})('rature " ('. . 55 02 70 S I- 91 

'irams (’o(\0..)^, per ^ 

1 00 irrams solid ion 0*1-7 1- 02-SS 01 -SO OS-.st 77-21 

• 

i here is a. break in the solubility eurNe of the sail at 22 ' ('. wkieh 
is attributed by Funk to the formal ion of a ninuihi/tlnitc at leniijj^ratnres 
below this point. This hydrate has not been isolated, althoiieli the 
eorrespondin^^ nickel salt has been [in-pared and analysed, llts solnliilily 
in water is as follows ; • * 

're'mjHTatiire ' F. . - 20 -•20-5 —20-5 

Crams ('o(\().A 2 per 

100 ;ri’ams solid ion . t'l^- 15 • -tO- 10 12-77 

Aildition of ammonia in e.\eess to a solution ofeobaltons nitrate in 
the absence of air results in the depo^iti^n of rose-eoloiiiied crystals of 
the htM’animoninlc/' ('o(N(),J^.oNIl..,;{IF(). 

A (louh^c nitidk of cobalt and bi.vniidh. .‘U‘o(.\().j).^. 2lh(N();,);j. 2 1 11.^0, 
has been [irejiared as red crystals, meltiii}^^ jil 5<S and of density 2-18 
atl0"(’.^ • 

Hnsiv niimlcs have lnen doi'eribed.* 

Qobahic Nitrate. hen a eomi nt rated solution of eobaltous 
•nitrate is ehclrolysed in*a di\ided cell, it assumes a d«ep indi; 4 o-bhie 
colour, but soon n-lilrns to its orfpunal state when t Ik- eurreid is stopiied.*^ 
Presumidily the colour ehanj,^* is due to the format i|fUi in solutjon of an 
unstable cobalt ie nitrate. • 

• • • ‘ 

cm\i;r and piiosimioiu s 

• • 

Cobalt Subpl^osphide, FoJh This substance may be ()btaine*d,by 
heatiu^^ tinely diviih-d (;ol)alt ' wit h e<»pper phosphicD in tin- ' l. etrie 
furnace": bv heatin;: jiellets of 1h« metal with red phosphorus in a 

* Funk, lor. ( it. 

- Funk, hir. (it. ; ur, Jn/<. ( 'hau. /'////■'., islMi, 7,424 . 

” Yrvmy, Ann. ( him. 1S52. 35 , 257. 

* Urbain and Lacombe, T'f'iDy./. o//d., lOIKl, 137 , .5iiS, 

* Winki'lbirch, Annnlcn, l^35f 13 , I JS, 253; liabeimanii, Moi<a(bIt., Ifcfe4, 5)432. 

•*MarshaIJ, Tains. Chon. S(jc._ ISUl, 59» 700. 

* Maronucau, Cvmjjt.rcnd., lUOO, 130 , 050. 
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* * . . . • * 
covi #.vilh })arinj*i»c]il()ri(l(‘, and r.'iisin^^ io tl^c 

point ' : and hy <^posjf);r rc<jn('J|l ccjh'alt at l)rii»h( red heal to va])nris(‘d 
|lji((sp)i(a-ns I riclihji^idr, trihronndr, dr tri-iodido.- • 

(odall .sul)pli(«/spliidc crystallises in i,n*cv^\ccdlcs, nicltiiiif at C., 

of (IciisiU <>■*'> Io and (d hardness (I. At 020 ('. it iiijtderj^foi's polv- 
priorphie elianLjr. Jf dissolj’es in eonecnit rated nitric acid, and is shjwly 
altaekcd hy snlphiirie^ind liydroehlorie acids. j, 

vCoball Sesqulphosphide, is obtained*^ by raising anhydrous 

cohall <'lfloride to red heat in j^nosphorus vj^nnir. 

• Tri-cobalt £)ii)hosphide, <‘;-l\, is i‘onne<l as a black precipitate on 
red 7 a*-fVi;^' cobalt phosphate with a current of hydrogen; and by Mi® 
action of hy^lro^er^ phosjjhide on colialt c}ilorid<“.‘‘ 

Tetra-cobalt Triphosphide, Mo, IV is stated to result as a li^hl 
^M-<y s<»lid when reduced cobalt is heated t(j 500 ' (!. in the vapour of 
j)hos])horus.'’' 

It is doubtful, liow(‘Ver, if the last two sulislances oii<jjht to be 
rei^arded as s('parate chemical entities. 

Cohalt Hypophosphite, (oII.,(P()^,),.()IL().- Tliis salt is readily 
obtained in a(pieous solution by double decomposition of solutions of 
barium hypopliosphite and cobalt sulplfate; and by dissoKintr cobalt 
hydroxide' in hypophosphorous acid. On concentration the^sidt 
crvstallis(‘s out with six molecules of water, but Ix'comes anhydrous 
at ton 

Cobalt Phosphite, ('(dIl’().,.2lL(), is precipitated as a rcsl amor- 
phous eomp/^und on addition of amir'onium ])liosphitc to an aepnous 
solution of eolealt ehlr)ride.’ It is also formed on heating IVi'shly 
precipitated eoii»alt c'arbeinate with water and j)hosphorus trichloride, 
althoui;h in this latter case* the yie-ld is small. On heat in;; to 250 C. 
the salt becomes anhydrou.^ and ’asseunes a Idiic (adour. .Vt hi;;her 
temperatures it Ix'eomes incandeseent, hydroyn-n Ix'in;; evolved aiul a 
mixlun* e)f pln)sphid(' and pyrophosphate remainini;. 

Cobalt Metaphospliate, to{l*0;,)2. is obtained® by evaporatini;- a, 
mixture of cobalt sulphate and phosphoric acid in a platinum dish, and 
.subs('(|ui‘nlly la-alini; I7 000’ C. It is deposite<l as a beamiful, rose- 
coloured. anhydrous c('mpound, insolid)le in water and dilute aeiils, but 
soluble in concentrated sulpliuric acid. 

Several Orthophosphates have been Ilescribeil,^® namely: 

2 toHP()j. 511 , 0 , 2 ( 5 )HPO,.;MLO, and C't>,{PO,),. 

' Sclu'iu(Mt-hiisi-!iiiy ami .SchcjH’h'H', Zcit-'ic/i, aiionj. Chem., llKIt), 64, 245. 

" (Jranyt'r, Conipl. h nd., IS'.X), 123, 170. 

'' Or.iii'ifr, ibid., ISDO, 122, I I.S4. . 

* Ivosr, I'oijtj. Amutloi, 24 , iUU. 

'' (Iraii^cr and Host', .jroo ( him. i’hijs.. l.SJKS, 14, 49. 

*’ Koao, rtiQij. .[)ni<d>n, lS2S, 12, ST ; Wnrt/, ISIO, 16, 19S. 

‘ 'Ivt>si’s Hid., tSJT, 9, 4(1. , ' 

'' lvanMiii'ls]((M'i.% Amiubn, 1S07. 131, 1172 (■ 

• i^taddrell, O'o/;/. Sor,, ISUI. 3, 27.*'; Ilaiilrffnill' and MamoUrl. raid 

lSS:i, 96, S49. 

Di'laay, .iHa. Chim. ISOI, 61, 4:iS; Bonlckor, Anmtlm, (85.7, 94, :}57, 
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COBALT AND JJ^BSKNU^ 

Sevtial ooiiipouiKls (if cobalt and arsenic have (Ttam prepared. 

Tri«cobalt Di-aisenide*C’oyAs^„ may be j)repared by tlie action of 
arsenic eiih'fide on metallic cobalt iyj[ S(M^ 1 tOO 1'.; or bv heatinn^ 
rnixtnrcs ot .use nie .and cobalt in hydn»m n or c.arbon monoxiile at this 
tenipcia^nia*. li®is alsn Ibnned wlun pcMvdcjfal cobalt 4s hyal(‘d in 
h\’dro;,r(«ii containini; aiMriic \apour, inul \vhen cobalt ar.^cnatc or 
arsenite is n-dneed by ’■^saAoi^cn at (’. Its dcfisilv is 7 S*J, andnu 
loses arsi iiic when stronuly heated.* 

• Cobalt Arsenide <M' Cobalt Monarsenide, ( oAs, is tib'ained >\ h( ri 
the previous compound's hcatc<i from (>(H) S()()' a!id*wlKn cobalt, 
is heated to ‘J7.5 .‘j.'j.V ('. in arsiaiic v.apoiir.- It is a y crystalline 
powder, orddisity 7 which t.irnislus slii^htfy in the air.* 

A sobslanee haviii^^ the (‘omposition reijuiri'd for a Cobalt Sesqui" 
arsenide, ((•.As.., is Inrnieil at KIO (JOO ' and this, a* tempiTat iiia's 
heliov loo ( is slowly cduverted into Cobalt Di-arsenide, (O.^s.,. 'I’his 
snbslanee occui’s in nature as the miiurais snniltilr and .snljUnitc, tin* 
tortiK'r beiiiiT .,11 important ore o'’ yoball. Jl may. also be I’ormed by heal. - 
liiLj cobalt in arsenic \a|H)iir (Vom .iSa lO.'i 't'.- Its (haisity is 0*!)7. It is 
;,;r( ’^^n colour, sliuihtly oxidised by air. and d(‘conipos(s above H)0 4 '. 

Cobalt TrUarsenide, (‘oAs.,, is Ibnnd in nrdnn* as the inineral 
.s7,’////e/ //fZ/Ze. and is lormed vvlcn cobalt is h(‘at(‘d in arsenic vapour 
between lo(» .and Obs Di-cotalt Pent-arsenide, (b.aV, ,, has Ixaaj 

describeil.- ® . “ ■ * 

Cobalt Arsenites. AMien a dilute solution of cob.alt nitrate is 
piaeipilated 'vitli sodirnn nietarsenile, a violet -blin* voluminous deposit, 
ot ((iIhiK pjini (irstiatc. ( o^As.O.^ or ‘.Jjl'ot). AsA).,. is obt aim'd. 

2(b(\(L), ; Na.As.O^ , C'o.As.D,, ) ‘jNaNO;, j lMINO.,. 

At red heal arseiiinus oxide srdilimes. ieaviire a dark b^ie ix'sidm'. 

A:i arsente ot coinposil ion .l('o( ) . ‘.i^\s.,( ) j is olilay led its an a met hysl - 
coloured powder lyv the interaction of solutions of jiotassiimi arsenite 
and eobaltrius nit rate.' It dissolves in caustic potash to a bhu* solution ; 
ammonia j^uves a brovvy colour, and jiolassium cfanidc' a yi'llovv. 

Cobalt Arsenates, riie (infynnrsi nalr, (‘o.,(A.s(),).,..slL,(), ocenj^s in 
nature as rri/tlirih’ or ea/x/ZZ hlixun in the foi’in of monoclinie er\’stals 
^soinorphous with vivianife. Ke jP( hi L(). and |)erhaps 'wil h nickel 
ochre, Ni.,(AsD Its crystallo^rrapliic ehnients are : 

a :h: c 0 7lKj7 : I : ()'7;rU). B 71 '»51 

The pj^t^o anenate (o.^As^O-,^ is kimvvn, as also various ammonium 
arsenates.** 

Jin imjjure liasic ar^senan.- is knovvrr under the name of and is 

used in jraintiui: porcelain. It may be olitjfincd by roast inu iron-frre 
cobaltde, or by addition (if sodfum carbonati* to a sohit»ion of couaftite 
in nitric acid, vvhen the zaffre is obtained as a precipitate. 

* D’.uellirz, Compt. rend., l!)U8, 147, 421 . * 

* Bentcll :in(l K. Ltjfen?., Cinir. itfiw,. tlUa, p. lU. Sec ulso K. Kriudritli {Mdallurgit 
1908, 5» t'^’O) f«tr ;i Htixfv <1 tlic ailoy.s df cilmlt .and .'inw-nk 

* l(eichanl. Her,, 1898, 31, 21U.3. 

* Gj^.ard, Cowiit. rrnd., IS.72, 31 ^ 918*; Iteirli.ird, Her., I.S94, 27 , *1019. 

* l^fcvro, Ann. Chltn, 1892, z7, 118. 

* Ducni, Cnnifit. rend., I9U(), 131, liT.!; Ann. Chim. Phyji., 19 U 1 , 22 , lOO. 
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r()liALTif.Nl)/ANTIMONY 

r 

Cobalt Antimonide or Cobalt Mono-Antimonide, CoSh, may be 
obf by miin/i f)raritimnny and i**obaltd <»i’ l>y l^catiii^^ eoball 

’i/I antimony I rieldoridc' \ jif/)onr at 700 1200' C.- It melts at Hi)! ' C'., 
and lias a ([eiisity ofS-rJ at O'" ('. In air it under^mes sli^^^bt oxidation, 
burns rvadily in oxyj^aai, and dissolves in hot, eoneentrated ’suljilmrie 
'(^('id. 

i[!pbalt Di'-antimonide, ('oSI) 2 ,“ has .also ))een prepared. It melts 
with de< ()nipvsilion'a‘i S70-5'^ C. ; density 7-70 at 0' (’. In its ehemieal 
prop( rlies it resembles the nioiio-antimonide. 

Cobalt Antimonate, ( oSbJ)4..r)ILO, is»*obtained by preeipitat- 
in^f eoliall aeelale will, a sohilion of aniimonie Jieid.'* 'I'lie jincipi- 
t.ale is rose coloured, beeominj,^ red on dryinj^n When dried over 
siilplinrie acid il loses three niohaaih^s of wat/a*, yiebliiiLT the ilihi/flnitc, 
('oSb.,(),..2lI„0, uhieli at .about 000' ('. becomes anhydrous. 

Cobalt Thio'-antimonite, (’o;,SlvS,j, is obtaiiasl by preeipitaf ion 
tVoni li s(»lution of .a soluble eol>.alt .salt witliadilnU* solution of |)olas- 
sium t liio-aiilimonite.*' It is readily oxidised, and always eontaiKs 
pvtassium if pre[)ared from eomaadr.iled ^.olulions. 


COIIALT AND ( AHIIOX 


Cobalt Carbide, ^i'arbou dissolOes in molten eobalt, and at very 
hi;.fh t(anp(a'atures (he ,e.arbide. ('o;,(’. analonous to eementite. l'e;,(’,, 
appears t«) Ix' formed. It decomposes so rapidly on eooliiiir into eoliall 
and ^u’aphite that the carbide e^uinol. be deti'cted even in (pienelaH' 
speeiiiKais.’' 

Cobalt Tetra-carbonyl, ('o((’()), or Co.^(( ()),^. This compound may 
lie prepared' by .passinir carbon monoxide at a pri ssure of iO atmos- 
phere's oNcr r('dueed eobalt at ITiO’ (’. 'I'he lii;.,dier the pressure the 
more rapid is tlu' formation of tlie carbonyl.'^ It forms as line, oranae- 
eoloured transparent ('rystals, which are best ])reserved by 'hermetically 
sealin;^^ them in a i^laVs lube in an almos|)here rf hydni^cn or of carbon 
iiKv.H'xide. rpon expfvsure to air decomposition takes place resultirijr 
in the formation of a basic eobalt carbonate. ^Vith bromine it yields 
cobalt brolniile and carbon nionoxiele : 

t’o((’()), } 111-2 -CoBrj + 410 , 

whi(ili suj^^csls that llu’ eobalt is divalent, and that the carbonyl is 
represented by the structural formula: 


/CO -CO 
fov I 

^co ao. 


^ liCwkonja, Zcilsch. anonj, Chnn., 190S, 59, 293. 

* Ducelliez, Comiit. roKl'., 1910, 150, 98 ; 19US, 147, 1049. Sec also Pushin, Buss^ 
P/fV<. Cfuni. S(u'., 1907, 39, 809. 

* Pucrllioz, lor. rit . ; Lewkenjn. lor. rit. 

* SrndiMvn.s, HuU, .SW. rhim., 1S99, 21, 47. 

* Pini^et, VonifU. rctul., 1899. 123, 104. 

* ttulT ami Zritsrh. atwrg. Chem.^ 1914, 88, 410. 

’ Mond. Hirtz, and Cowap, Tra7is. Chem. Soc., 1910, 97, 798. 
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It is insoluble in water, ami but sf^)wly altackecUby hydroeWorie 
or snlphiiiic aeid. Owiii»r to its low ^ipoiir pressure and ready dii# 
soeiabiliiy eobalt ei rlxuiyl is less liabh to prodnee a?*nje pjasoninj^ tliun 
the eorres{)OudinK iron aruj niekel derivatives^ Tlie density of tlic 
erystals is I Wh and tlieir ineltiii'^^-point a I t'. Tlie nioleeular wei^dit 
determined er^k’oseopieally in Ixar/eiie soluTion, imTieates that under 
tlu .'.(‘ conditions the nioleeule is double, nann ly, t\').(C())N. Wluai heated 
al liO'' (’. nne-ijinrter of the earbon nionpxidi' is cNoIxed. and jetd)la(*k 
erystals (»f Cobalt Tri-’C^^bbnyl, t'o(('()).{, an* obt aim’d. These may lit'* 
purilied by reerystallisalion fr(>in In nzene. "^lo their ^ii/^ht 

!6>lul)ilily their nioleeular wei^dit eould not bc‘ iliterniim'^l. At hi/^her 
teinjicratures the tri-ejii:bonyl deeomposes to eobalt ?ind earbon 
monoxirle. 

Cobaltous Carbonate, CoCO;,. Wlu n eobalt chloride is» healed 
to 1 to' ('. with a solution of sodium hydr(»^<n carbonate* saturated with 
earbon dioxide*, nnhifdraus eeibalt c-arbmiate is prodiiei’d as a bright rc’d 
erystalline powder.- Ity earryini^ enit the reaction al a low temperaturi! 
the }h\r<ihifi(rat<\ ('oC'().,.({IIo(). is formed as small (‘lystals.** A third 
hvdiate, namely, .‘U’oCO.j.'JlIT), is ajipanntly produced when the 
he xaliydrate is maintaim’d -tt- (\ in eontaet with the saturated 

se jluffitii. • • 

Basic Cobaltous Carbonates. Se\eral of thc*se have; been 
deseribeel. altheiutjli it may well be that mjiny of them are md ri’ally 
separate* eheinieal entiti(*s. The three* Iblhiw iiiL; subsl'uu'es we*re 
elese*ribe’d by e*arly we)rke*rs.^ “ 

Ity t he* ae*t iem e)f line*ly diviele el ara^xaiiti* U|,h)U e'eme e nt rale el aepieeais 
^olutions e)f (*ol)alte)us nitrate, -Ce»('().{.0('o(()ll)., H^O is oblaiiu’el'’ as 
.1 lilae* pi*ee*i])il ate*, which is stable* up.^to SO S,") but lose*s a mejlceule^ 
ot wate‘r at O.V' Treatment e»f me)re* eliliile* solutieais e»f e*e)balte»us 
nitrate* with araifemite yie*lels CeA'O.j.LH'eitOII).^, also a lilac |)re*eipilate‘.'* 
('ej('(),...‘U\t(OII).j is eibtaineel as a blm* pieeipilale by tlu^ aelelitieui e)f 
e*aleiLe to eewiee iitraled eeibaltenis iiiljf’ate.*‘ A ))iuk /xtfa.ssudit voimll 
r<irh(/n(if(’. lx. d'():,.C'o( ■().,. 111^,0, has be*en prepareal. Its se)lulie)n 
befonu's blue* eui boiling, returnine^ te) its ])ink ee>lour eai eoe)lin^^ It 
a])pare*ntly yie lels a ee)nf|)lex lU’Ljative; ieii., ( 

Cobaltic Carbonate d<H*^ nol.xippe*ar tei be* eajiable* e)f e xist in;' iiwthe 
se>liel state. \Vhe*n an oxielisin;; aifent, such as liNdieiL'en pe roxide* or 
HDelium hypoehle>rile, is a*lele*d lei se>lujie)ns eif e-eibalteu^s salts in the 
pre sence* eif excess alkali hydro;'e^n carbonate, a ;'i*e*e'n sedutiem, anel in 
eeincent rate*d seilution a ;'reen pre*eipitale*, are* e)btabie(l.'* .Jefl) " has 
sheiwii that whe*n e)xidatie)n is e*ffe*4*le*d with hy<lre»;'en pe*ro.\ie1e* at 
ordinar\'* tein})e*rature the ;<re*t*n sejlution t*einlains trivale*ni eeibalf, 
anel that for e*aeh atemi of eei^ialt present, one* molee*ule* eT earbem diejxide 

‘ *\rnut, ./. 9, • * * * • 

2 Hrrtrand, Juhrb. Mtn(r., ISs.’t, 2, rtf. 101 ; elo Seriannoiit, Ann. yhim. l*hy^ , 1^51, 
32, laa. • • 

’ H. l>e*villf. Ann. Chi nr. PhyM., |S.jl, 35, <M!. 

• H. l)<-villo, Inr. cit. ISee* alsf» Nanfy, Ann. ('him. Phifn., I!ML\ 27, ."i ; 1(03, 28, 77. 

•' 0(*e*t/„ P<Mi<i, Anmihiiy 1H41, 6rf '172« Hose-, ihnL. ls'»l, 84, .'i.'*] ; NrlU rhe e^. 

1S30. 19, .j,-) ; \Vin!a*llilVh, Anmilfn, 13, 2,53 ; Ki*- e), ./. C/n m. ISfil, 14, 4H. 

• Me>i^i'n. ('hem. Zt iitr., i, 1303. 

^ T. Jl. WVkI anel H. O. Jone^H, Proc. Camh. Phil. XV., 1(M‘7, 14, 17j. 

• F^^ielei, (jfuarl. J. Chem. XV.,*1862, 14, 31 ; Citsegn, Prm.. liny. Sue. Edin., 1890, 

. 17 , 56. 

• Job, Ann, Ckim. Ph^s., 1900, [viij, |o, 205. 
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is* (gv'ol vcd. Diirrarit* conclirjcd tkat the f^recn precipitate comdste 
V-ssnilially of cohalfie carbuiifftc, kut Mctzl ^ concliidcd^ that it is a 
niixdirc of cohalliJlis carbonate and cobalt cobaltite, namely : 

CoCO,.CoCo()j. 

^ Cobalt and Cyanogen 

Cobaltous Cyanide, C<)(CN)..;in./), may be prccij)itattal from a 
{.olnlioii of the chloride by adoilion of potasrsium cyanide. The prccij>i- 
tali\, which liifr •{> ^reddish colour, becomes violet at 100’ C, It still 
ri’laiiis ifs (.'(mibinecf water even at 200"^ C., but at 250° C. becomes 
ineaiideseeift in air and leaves a black carburised r<‘siduc.® The ori^^inal 
precipitate is sohd)le in (‘xcess of potassium ‘cyanide in conseciuenee of 
the founatioii of s(dubh' potasmun robalto'Cyanidc, K,Co(('N)g. Addi- 
tion of dilute hydrochloric acid causes the reprecipilation of the 
cobaKous cyanide unless, in the meantime, the solution has been 
warmed, th(T('byoxidisin<,^ the cobalto-cy ankle tocobalti-eyanide, which 
is more si able {vide in fra). 

Potassium Cobalto^'cyanide, K.,CotCN)g, as mentioned above, is 
])rodueed when eobaltous cyanide is dissolved in exc('ss of potassiuKli 
cviinide solution. It may be ])recipilate(( from solution by the adVhtion 
of alcohol.^ Its a([ue()us solution contains the ion Co(C'\)fl''^ so that 
the formula for the sidt is K jCo(CN)g ralluT than lKCN.C()(('X)j,.'’ 

When ap air-free acpieous solution of ])otassium eobalto-cyanide is 
b(»ilt'd, hy<lro^en is eyolved, the voNmne of which e(|uals that of the 
oxy<^u'n absoiLed if the ^solution is rapidly oxidised in air, but to twice 
that volume durin*' slow oxidation in air. An explanation for this 
ttl)pareul anomaly is <,riveu below^ , 

Nickel Cobaho-cyanide, Ni^I obtained ® as a ^^olden 

precipitate on addini^ nickel sulphate to a solution of potassium (‘obalto- 
cyanidc. O.i (li;>'in^' the salt turns Lrreeu. It dissolv(‘s in excess of 
the p(»lassium s^dt, vieldin^^ Nickel Potassium Cobalto-cyanide, 
KA'i('o(LN)«. 

Cobdtous Cobaltb*'Cyanide, (’o./o(GN),p is obtained*^ as a red 
])rceipilale on addiu^'^cobalt sudphate to a solulLun of potassium cobalto- 
cyjyude. It dissolves in excess of thv potassium salt, yielding Cobalt 
Potassium Cobalto-cyanide, KA'oi o(GN)fl. 

Zinc Col{altO;cyanide, /n 2 (’o(C’X),;. nlay be prepared® 'as an 
orau;^^e-red preeipitati' by addin<i[ potassium c<»baho-cyanide to an excess 
of zinc, sulphate , solution acidulatetl with sulphurous acid. It may be 
dried without change unless lig;ated to 110-120° C. when it. turns 
violet. It dissolves in- excess of the potassium salt, yielding Zinc 
Potassium Cobalto-cyanide, ^ )«; 

, CobaJti-cyanic Acid, Hydrogen Cobalti-cyanide, ll 3 Co(t’X)B.II«, 0 .-~ 
The free acid may be prepared by dec(Hn[)osing a cevneent rated acjucous 
solution of the’ potassium salt wiih sulphuric acid, a slight excels of the 
latter being added. The mixture is warmed, and upon addition of 
alcohol potassium sul[)hatc separates out, the hydrogen cobalti-eyanidc 

* Diirraiit, l*foc, Vhein. Sor.^ ISt>U, I2, 244; Tratu. Chem. i/oc., 1905, 87, 1781. 

* Mi't/l, Zi^ilsch. anortj, Chvm., 1914, 86 ,. ,’158. , 

• IlainmolslH'rn. Pogtj. Annakn^ 1S:17. 42 , tl 4 : 1S48, 73 , 111. 

• DtiJjoampM, Cliim, Biy.'*., IS8I, [v], 24, 193. 

* H 6 ssi, (hizzcilit^ 1915, 45 , i, 0. 

• Alvarez, lUv. Jt. Acad. Ckne. Madrid^ IS09, 3, 103. 
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•enainin^; *in solution. Evaporation * and rr(Tvstj)Jlisatioii of^lTio 
rcsultini,^ product yields tlic pure. acid ilVic I’roin sulphuric* arid.^ 
may also he ohtaiiusl hy eh «*o’iiposinn I iie eoppea* or iv ad salts in acpieous 
solution with hydroi^aai si^^phide ; and hy deecanposin^^ the* eineol 
derivative' w‘*h water.- llydroijeu cohalli-ey.anide crystallises I’roin 
coneeutratod acpieous solutions i:i minute*, eoloi.Vh'ss, transparent' 
iK'odhs. It has .i stron^dy acid rc'aelion, and readily ^Ic composes 
earhonates. It dissolves »nanv metals when in a line st.ate ofilivision, 
yieldim^ st.ahh* salts. h)aln.-^nn yas heinj^ ('volved. It rc'adilv ar)sorl\s‘ 
moisture IVom the air, its crystals d(‘li(jn(*seini^ It is also soluhh* it; 
{fleohol, hut not in c'lher. At 100 ' (’. its eomhin(*d wat a* is (‘\])<‘lled, 
and at a s(ant‘^\hat hiciiei temperature hydrogen cyanide is .-Nolved. the 
acid hecornim; yc'llowish in colour. At 1!)0'^ if assumes a crec'u colour, 
iK'comine blue at liaO^ C., and when stron^dy heated heeonu*s inean- 
deseent, leavim^^ a hlaek, e.'irhurised residue'. 

Ammonium Cobalti-cyanide, (NH ,):j('o(('N)„.lI./), results on n(*n- 
tralisiii^r the IVee* acid with ;unmonia.‘ A more eamvenieait inedhod 
consists ill ehcompositijr the harium salt with ammonium sulphate 
sol ition. On tillering' off the* insoluhle harium sulphate and (*on(*e‘nt rat- 
ini' the liijuor, ammonium eohalti-eyanide crystallises out.'* It erys- 
tallisi's in colourless, trauspare*nt tablets, which readily dissolve* in 
water, hut are* less soluble in ;ile*ohol. At 22.')'' (’. elee*eunposit ion se*ts 
in, ammonium cyanide* jukI earhouate heinj^' evolvc'd, l<*avini' a blue 
residue. 'I’he* mole'cule wate*r eaiiuot he expe'llc'd IVe-m the* salt 
without simullaneeMis de'eompositnm. 

^ Barium Cobalti-cyanide, Ha .|('o((‘N),|| 2 . Aej., is a eonvenieni start- 
ine-poinl lor t he pre'parat ion of ol her nn lallie e*ohalt l-eyanide s by double 
le*eomposition. It iiuiy he prep.nred J>y adding' harium earhouate* to u 
solution of the Irec “cid ; hut a hetle*r method consists in e-xposinjr to 
aerial oxidation a mixture e»f cobalt snijthale* anel the cyanide's of 
hyelro^'e'ii anel barium. The sail erysfallises out in eeilouvh'ss prisms, 
wliieii are readily soluble* in water, but not in aleojiol. Th(*y contain 
some 20 or 22 moleenles of watcT.^ 

Potassium Cobalti-cyanide, K;,(V)((’N)fl. (Jni<*lin first prc'pared and 
and (les(*rihc‘d this salt.* It is reaelily preelue*e‘{| ht the oxidation of the 
cohalto-eyanide* by wjirmin'' it solid ion in tin* prese nee of air. 'J'his 
’ reaction is intere'slin*', for when the solution is rapiilly oxielised hy 
atmosj)herie oxyi'cn,'* twiei' as much oxygen is ahsorheel ys corri'sponds 
to the eepiation : • 

2K,('o(rN), + ILO -LO 2KA’o(('X)„ -i 2KOII, 
the excess of oxyiren reiiTaininir, at th<*<*lose of the reaction, as hydfo^cn 
peroxide.* 

If, however, the oxidation is allowed to jiroecrd slowly, only a 
sli^dit excess of oxyj^'cn'is ahsorhe'd, and Ihe^annain! ed’ hyeliJ^c^n per- 
oxide resulting' is ptoportionate ly low. ^ ^ * 

Thi*? is reaelily exphiincM on the* .assumption that the reae'tion jiro- 
cccds in two stafres, in aecordanee with the thee^ry of Knc|ei/' uaniely : 

* Zwen^'or. 1847, 62, ITj^T. • 

* Baevea arul \'illi)La*f, Ihr., lt*nl, 34 , 2079. 

* Wcselsky, Sibungslnr. Ahnil. Wim, 1809, 60 , 201. 

* \Ve^<'hky. h>r. rit. ; Zwfnc;f'r, /'>/•, ^/7. 

' and H(T7.<»}r. Brr., HHift, 33, 1712! 

• Seo Kni:lor and Wild, P,tr., 1897, 30, 1009: F-’ngIrr and W« i««l>f«r;? lirr., lSfi8, 31, 
*3046; Kngicr, 1900, 33, l(»9l. ‘ 
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Q) DirYPl of tho (.*ol)altf|-cyanido with a mnlcoiil^' of oxyge* 

to tlif* scIiciih' : 

1>K f ‘JII.O I I).. ^K;,( o(yN)B 1 2K()II 'l II, .0,,. 

(ii) Judircfl (ixidulion of iho cohalto'cyaii'dc' \vitli ^tlio liydro^en 
)('ro\id(* ; llms: « 

o((’N)« ! lip. 2K3Co(CN)o -|- ‘iK(m 

In lh(‘ lirsi c*as(‘ of rapid^ oxidation bv atmospheric oxygon, the 
adireel rcaelioii lias lif (h* lime to mak(‘ itselt f^!t. liy slow atmosjihcric 
xidalion, h(»we\7‘t> tjie iiidircrt reaetion has a pronoimeed elTeet. 

On hoilinj a solid ion of potassium cobalto-eyanidi', hydiYiiron fs 
(“volvi'd in ‘amount (‘(juivalent to the oxy^^n required Ibr tlu? slow 
oxidation. 

Potassium eobalti-cyanide may also be produeid by the addition of 
dilidi' aeelie aeid or hydroL*eu eliloridi^ to a solution of the eolialto- 
eyanidc in exeess of ])otassium cyanide. The acid lihi rates hydrocyanic 
aeid. which r(‘a(*ts as follows : 

2lv,Co(('N), -I 2IICN - 2 K 3 Co(CN)« -} 2K(’\ + IT.,. 

li])on <*va|)oration the salt may be obtained in yellow, anhydrofts 
crystals isomorphous with |)otassium ferricyanidt'.^ Jli nsity 

Finally, potassium col)aIti-cyanid(‘ results wlien Fischer's salt 
(potassium cobalt i-nitrite) is added in snudl ])ortions to a warm, con- 
ci‘ntrat(‘d .s<|lulion of potassium cyanide.^ Nitrogen or niti'ous oxide is 
evolVed and the solid jon liccomes yMlow. On eoolini,^ tlu* potassium 
cobalt i-cyanide crystalliji's out in pale yellow needles. ^ 

Cobalt Cobalti-cyanide, Co.,|Co(CN)fi|2-<^’ll/^« Aaancd as a rose- 
colourrd, amorphous, and ,som(‘what )Yelatinous prrei|)itat(‘ on adding 
jiotassium cobalti-cyanide to eobaltous chloridi* solution. At 100 (’. it 
loses water, becomiiqj blue'* in colour; at luLiher tenqurat ures it 
becomes ankydrpus. On exjiosnre to moist air the blue s;dt readily 
absorbs water, beyomin<f pink^ /weaker aseribis I t moleculi's of 
water to the pink salt. It is completi'ly soluble in ammonia. Potas- 
sium hydroxiili' yi<'lds*-blue basic salts which on staiuliiiLj of' boilin^^ arc 
converted into rose-coloured cwbaltous hydroxide.* 

Cupric Cobalti-cyanide, obtained as a blue pre- 

cipitate when potassium cobalti-cyanide is added in sutlicieid quaidity • 
to completely^ precipitate a copper .sulplia Id' solution.^’ It is insoluhU’ 
in acids, but readily soluble in ammonra. It is decomposed by hydro^^c'n 
sulphid,'*, copper^ sulphide beinij precipitated and hydro^^^iai cobalti- 
cyauiMe remainiiii,^ in solution, JVoin which jt can be obtained by 
concentration. The amiuoiuacal solution pf this salt yii lds, oikK'vapora- 
tion, small blue crystals of a diammoniatc, C’u.j|('o(C'N)(5|2.2NlI.5. .'ill/). 

*FeigrQus Cobalti-cyanide, •p precij)itated ws a 

sti^ddly yellow amorphous mass on mixinj' solutions^of ferrous sidjdiatc 
ani'l potassium Vobalti-cvanide.® The corresponding ferric salt has also 

^ Ti)|)S(ic. Sltzungafifr, A", Akad, Wiss. U’iVn, 1S72, 66, 5. 

* Uos«‘nh*'iin and Koppel, Z.t-lt'fch. anorg. isas. 17, !ir) ; Braun {Zrifsrh. aual, 

Chem.^ ISOS, 7, .*nit) states tliat potassium cynnute nas no notion* upon Fisctior’a salt, Out 
this is iru’orroot. 

® Zwongor, Amuilrn, 1S47. 62, 1.77. ‘ » ’ 

* Milh'f nml .^^^ttllew^^, J. ^Imrr. i^hem. Soc., 1900, 22, 02. 

* /wengiT, /or. rH. 

* Miller niul Matthews, loc, cii. 
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v)C';n pre])pred. If precipitated from 'hot solutionj it is yellow *in 
colour, hut in the coKt greenish urccioitate is obtained after standii^ 
for a few nunutes. This precipitate Ik conies yellu'Y tin hoilin^r. 

Nickel Cobalti-cyanide, Ni;i|('o(('N)g|J‘ 2 li./), may he obtained by 
preeipilatiiiii a niek( I salt \Vilh hydroLH'cn eobalti-i'vanide ’ or with the 
potassium salt. In the latter ease the |)‘ieeipit atv is not pun*, buN 
ermtains ])otassiini cobalt i-eyanide. 'Phe salt is. br'irhl blye in colour, 
insoluble in water and acids. With ammonia it yields a bhu^ stilulion 
from which crystals of the .unmoniatc, !d.,|Co(CN)^|.j.‘ 2 NIl;j. 7 lL(), ma\i 
be obtaiiK (1 on ctincentration. 

• Silver Cobalti«cy&nide, AiraC’oii’N)^. is a wliite eiinly jweeipitate, 
insolublt* in dilute aeids but readily solubl(‘ in ammonia l^)tassium 
hydroxide converts it 'mainly into silver oxith*. Tlu' ammoniacal 
solution yields, on concentration, the inonammoniate,^ 

, Air,ro((’\)^..NII.^.IL(). 

Lead Cobalti'-cyanidef Pbj|ro((’\),.|.,. ULO, is jin'pared by the 
aetiiMi of hydroifen cobalti-cyanidc upon lead carbonatts ' It yiehls 
laminated crystals, soluble in about three jiaits of water. 'I’lu' salt is 
,ioi jireeipitated by addinij poiassium cobalti-cyanidt* to a solution of 
eitli.r lead aci tale or nitrate. 

Sodium Cobalti-cyanidei Na;,('o((’N),}. tlI.X>. is obtained by 
iK'ut rali^inLr tlie frei* acid with sodium carbonate,’ ('xcess oi‘ lithcr 
I'caii'eiil beiiiy a\ (tided. On concentration the sail e»Tstallises in 
I raiispareid , eoloui less needles which readily dissolx'e in water, bet not 
in alcohol. .\l 1 (H) the salt becomes anhydious, at hii^la r teinpera- 
tiiri's it melts and decornposc.s. 

llisinuth. cadmium, (‘uprous, mantianesi*. mercurous, and /ine 
cobalt i-evanides have likewise beiai'^solati (l.“ 

'I’lu' rai’c earth mdals yield heavy, microcrystalline ))reeipitab“s of 
eobalti-eyanides of (General formula M.,(t‘o(\;N\;)2. t) I L(). , 

'I'hey are but sjiarin^ly soluble in water. In dilute hydrochloric* 
acid their solubilities vary .somewhat, the yttrium s'alt beiuLf some* three 
times as s.duble as that of erbium, a fact that enables the two metals 
to be se parated in thi^^way.*’ ^ 

Cobalt Thiocyanate, ( o((’NS),.,rH20, was obtained by Meit/.endorff * 
as a result of dissolving cobalt carbonate in hydrogen lhiocyanate,*and, 
^desei Ibiiii; it as a yellowiLih brown crystalline mass, attributed to it the 
formula *JC'o{('NS).,. Il.^O. Itosc^idieiin and Colu-n ■’ piTpared the hi' 
ln/(lnit(\ ('o(('NS)2..*Ul2(), in an aiialo^rnus manner as violet crystals, 
appearine red by transmitted liirht, and beloncriiiir |o the ‘rhombic 
system.. On solution in water lhev*yield a blu(* colour which becomes 
j)ink on dilution. In alcohol a <leep blue cojour is obtaimal. 

Orossmann and Il^nsek^'** prejiarcd \ \w lvtrfih}f(lr<il(\ ('o{('\S)2. ill./), 
by double dec<»nyjosition of solutions of cwbalt sulphate aflif baTiyn> 
t hioev^anate. The solution is ;It lirst red. but beconn '^biue f»n eokcen- 
tratioA, and after remainm^^ in vanw for some time, deposits beautiful 

' Zwcngf’r, AnnuUn, 1847, 62, 157, 

“ .Miller find MutflV’Ws, lor. rit.; Th? FI.'icImt and Funt/.e, ('huu. Zelt., 26, S72. 
Orinuiir (Icrn alive.** an* dfv?f;ril»e(l by Wapencr and Ttillcns, /Ur., IIJCG, 39, 410. 

•* James and M illand*./. Anur. (Jl.tm. Sar., I'.UlJ, 38, I lt>7 

* Meitzendorlf. .t aw.i/r /i.*lS42, 56, GJ- 

**nosenhf'im and ('uhon, Zhtsch. anorg. ('him., MHrt, 27, 2H0. 

* (.Irasaraann and Hiinseler, Ztiheh. quorg. ('hmi., 100.5, 46 , JGl. 
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H-it* -fid rliornltic^TysIjils. TliAso arc, iinstii)>Ie in air, beconvng brovTi, 
{i%(l (>})a(|iH‘ ufinii pr<»lnri^a‘(l rxjJiisnrcv* 

'J'Ik* lollowin^^^h^iMc salts have Ikcii |)r(‘parfal 2 : 

l*i)l(isf<ium rohalto-thionj/inatr, J 

Sodium rohall(hihio('fi^uuU\ Nji2(V)(('NS)4.<sn.,() ; • 

Ammouiuni rohalto-thiori/undte, (Nll4)2C’o(('NS)4. 4TJ.,0 ; 

Hariuft} roiulto-lftiort/uuute, l{}i(’o(('j\S")4.HlIoO ; , 

SUVrr rnhulfo-fhiurifuuale ^dark })Iiu ), A‘jrCV)(CNS);,.‘2lI./) ; 

Ctrsiuui cohallodhincfjauate (l)ln(‘)» C‘s2(^<)(/'NS)4.2lfo() ; and 
C'lrsium stlvfr’CfilmltoAhiocyauate, Cs^A^o( o(C'NS)({. ‘Jll./) (j)ink). 

Cobalt. NUnhcya Hides ^ 

'J'hc close' similarity l)otvvccn the const itnl ion of llu' (‘obalti-nitritcs 
and cohalf i-evanidt's naturally leads one to imbuin' whether or not the 
radicles (KO.,) and (('X) are int endian leeahle. 'lo a certain extiait this 
a})|H‘ars to he the ease, for the lollowinjx salts have' hee'ii jirepared ^ ; 

i\aero4(('N),oN0..1in..(), K4Co,(CN)c,XO.,.3n2(), and 
Ae./'n.^(('N)io.NO.:.(JlI/). 

COBALT AND SILICON 

Di-cbbalto Silicide or Cobalt Subsilicide, (’o.,,Si, is obtained in 
^rre'v metallie^’rystals of density 71 at 17 ’ (’. and 7-2S at 0 ’ (’. by lu'atinjr 
<*obalK with fo per cent, of silicon in carbon (*rneibl(‘s in an ih'clric 
furnace.^ It may also *t)e jirepared by healinj^ cobalt in.tlu' vapour 
of silicon lelra<*hloride at* 12()0-li{()0'’ (\ It is not mai^iu tic, tlureby 
differin'^ from the eorrespondin^r iron conijxmnd. It dissolves ri'adily 
in nrpieous hydro'^cn lluoridt* ; Ics^ rapidly in hydro^a^n chloride. It 
melts at i;i27" 

Cobalt Monosilicide, (‘oSi, is formed as prismatic iK'cdh's by 
healiiiir cobalt and eeipper silicide in the electric furnace.^ It nults at 
J.'IOO" (’. in hyilro^a'n*, and has a (h'nsily of (; ;t() at 20 C. When heati'd 
in lluoriiK' it incandesa?s, yieldinir lluorides. Chlorine d('C(5mj)os(‘s it 
only at a dull red hcak, tail it (Jissolves slowly ii^ aejua ri’tyia and more 
rapidly in concenl rated hydro^a'ii chloridi'. It melts at I;J!KC (\® 

Cobalt Disilicide, ('oSi.„ results wlu'n cobalt is heated in the 
electric furnae<' with excc’ss of silicon or with a mixture of copper^ 
silicide and siliiVin.** It forms dark eryst.als, probaLly beloni^iiiij to the 
cubic system ; density ; hardness l-.^. Sulphur has no aeiion on 
it, and oxygen at* 1200‘’ C. only effects a superlicial oxidation. It 
ineandc'sci's in lluorine if ^I'nlly warmed ; chlorine attacks it at jJOO'' C., 
and bromine and iodine at ‘dull red heat. Concent rat (‘d liydro^Tn 

* i\)r irseaivhrH on this wilt sco Claus and drotthirjs, Anunhn, IS.'jd, 99, <*18; 

Wa<drn, Zeitftch. nmrg. ('hem., 23, S7H ; Tmuhvell, ibitt., 26, p)S ; UVrnifku. A/ful. 

iSnr. (f/iim. Art/e/ittNoc, 101 M, I, S. 

* (Irossmanu aiul Ilunsulur, /or. r/7. ; Waldun. /o<-. r//.*'; Trradwcll. /or. n/. (V»mj»lex 

Balts and pyridine derivatives liavo been deseribed by Wells, .Imrr. (7/r/». ./., 28, 

24r) ; Shinn and Wells, ibid., lltO.*!, 29, 474. 

® llesenlu'ini and Koppi'l, Ztit^rh. ttnonj. Chan., fSOS. 17, 35. e 

* N'iiroimuix, Compt. raid., ISO.5, 121, (»S(l. 

* Vigoureiix, ibid., KMltl, 142, 0.35. * . 

* iH'nkenja. Ztit.'fy h. anonj. (,'hem., lOOS, 59, 293. , 

’ Lelu'pu, Com pi. rrm/., 1001, *132, 

, 8 lA'benu. /Iwn. Chim. Phir.. l5io2. |vi], 27, p71 : Compt. raid.. 1902, 135, 475. 
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tHroride readily attacks it» as also^do the fiisod liydrcjxidi s of the allftili 
metals. Hot concciil rated solutions »'!’ liydro;,^‘n diloride or oT tl^ 
alkali hydroxides attack it only slowly. It melts-. I 1*277 (\^ 

'I’wo other silieides have Ixuai deserihed,* iiamVIy, CoSi., (m.jd. 
1.307” (’.) and Co.^Si., (formal slowly at IISO 1215'' C. in tiu* solid slate 
from CoS I and Co.,Si). 

Cobalt Orthcsilicate, CojjSiO^, is obtainc'd by heatii|ir to briiiht 
redness a mixture of amorphous silica^ and the eliloridi* am^ oxidi* of 
cobalt. Kxc(‘ss of silica is removed hy I real men! with eoneentra'ed 
soda solution, the residue eonsistiu'jf of the orthosilif;-*!' in the Inrm T)f 
<ii violet crystalline powder. The crystals art' isoinorphoiis with j>eridote; 
density 1‘().3. Tliey art' dtromposed by hydroehlorie aeid.P 

Cobalt Fluosilicate, i'oSiF(j.(l!H(), results when cobalt (‘arbonale 
is disstdved in a(|Ueous hydrolluosilieie acid ai.d the solution alhnved to 
(‘vaporate.^ It crystallises out in red rhombohedra. 

Smalt has bt'cn known for several centuries, havini,^ been disetivt rt'd 
by Seheurcr in 1510, who sold his st'cret to Knaland. It is pn paretl 
by fusinir cobalt oxid(‘ with silica (powdered tpiart/,) and potassium 
caii)onate, and is thus rt'ally a colialt ^lass t»r siliealt*. 'I'ht' cobalt 
t»xide employt'd is in the form of Zdfj'rc or sdUlourr ; that is, partially 
roa ;?ed suljdiith' or arsenide ore, tlit* roastiny^ Inaui^ continued until 
the cobalt is mostly present as oxide and oidy snllieient arsenic is left 
to combine with such impurities as copper and nickel, d'la- <piart/ is 
t)hlained by heatinif to redness ajul then dislid(*tiral in«^ by ntniieine’ iido 
water, after whieli it is pov’d{‘re<’. in a mill. 

\ mixture of /a IT re. cpiartz, and potassium carbonate is now iidro- 
du(*ed into th(‘ small furnace, toynther wifli a little white arsenic 
(arsenious oxid(‘), which combines with the iron, (‘oppi r. and nickel, etc., 
present as impurities, causin<( theffi to s(‘parat(‘ as i\ heavy reyulus 
below the litpiid mass of ^la.ss, at tin* bottom of th(‘ melt iny-p«)ls. 
Aft(T beiny kept at a white heal for some time, tiu' ylas-^is ladled out 
into cold wat(T, which effects its dldnleyration. 'Ha* stnalt Is then 
ground and levigated. * 

Smalt fs an exIrenuTy permanent and inert i|)lynienl of a ih ep blue 
colour. Its coinpositi*)!! varies eonsid»r.ably, li^it usually within the 
following limits : 


Silica . 

(\>balt monoxide 

Potash 

.Mumina 


t)()'2 72- II pereiait. 
(i‘75 td)5 , .. 

10 ;n I SO ’ ,, 

S tit 20 01^'* 


It is^interestiii" to note that one*part of eohallous oxide will impart 

a distinctly blue colour to 250 jiarls of ydiTss. 

• 

^ Ijcbcaii, Ann Chim. 1002, fvi], 27 , -71 ; ('untp rtnd , lfMi2, 131 ^ VITt. 

* anurg. Chftn., I'.MtS, 59, 2!K1 
^ B« 4 ir£];e()is, ('otnjtl, rejid,, 1880, 10 ^, 1177. 

* Rotv.oliu.s, l*<Kjg. Annnhn, 1824, 1 , 108 ; ;inil OJjristi.'mscn, Ann. ('him. I'ln/K., 

1874. 1,27. 

^ A Treatise an f 'dlanr Manufa(^ure,JlL'Tr ainl Kuk'iikiUiip, traiiKlaU li by C. .Mayer 
(Griflin and Co., 1908)>p. 202. 



74 COBATiT, NICKKT., AND ELEMENTS OF.PLAItNUM GROUP, 

C’OnAi,T a/jd tin 

A few compfiiHufs ofcobMU Jind tin havcitioen tlesrribcd. l^y fusinj^ 
Ml l(■rll|)(•^Mturf‘s an (‘Xfcss of «tannir oxide' and cohaltous 
oxide, iisinj^r pof ji^siinn (^llorido as a lliix, Basic Cob^t Stannate, 
(bSn();,.('o() or (’o;,S^(),,, ts olitainedA The pola?^siufti chloride is 
removed I'rohi the eooksl mass willi water, whilst warm diliiK* hydro- 
ehhirie aAid effeels tla* sj>hition|of the stanng,te. The pure salt is dark 
j5w‘(‘n in colour : di'nsil y tJ-.’tO at IS'^ C. « 

Other salts ari* •Gobalt Stannate/'^ CoSnO;,.()ir.,0 ; Cobalt FluO'% 
stannate, Co^SifFy.OlI.jO, and Chlorostannate, J.oSn(’lQ.OHgO.^ 

( OltALT AND BORON 

Ry heating' mixtures of cobalt and boron in a current of hydrocfcn 
at 1101) 1*200 ' (\, dll .lassoneix * has prepared two boridi's of cobalt, 
namely, the Sub-boride, ('e>.db and the Di-boride, ('(di.^. The former 
occurs as brilliant steel-ufrcy needh's of density 7-0 at *20 ' (\ These are 
oxidised by moist air and n'adily dissol\^‘ in nitric; acid. Thedi-boKd«» 
represents the ('xtreme limit of eombiisition of boron with u'on. 
KvRlenee of t hc' c'xist enec; of a Mono-boride, C oR. has also bc'cn obtainc'd.''' 

Cobalt Borates. Several borates of cobalt have' bcs'ii des(;rib(‘d. 

The Tetra-borate, (N)0. tR.j0;,.l*2ll20, is obtained by slow evapo- 
ratioi^ of a sctlulion of cobalt earl)ona^‘ in boric acid. 'I'he prc'cipitatc' 
lirst foruu'd i^radually U'comc's crystalline, rose in colour, but bc'eoruine 
blue on ealeination. 'Kh# deeahydrated salt, (’oO. tRJb. lOlIJ), has 
also bc'cn pre]>ar('d.‘^ 

Ry fiisine cobalt chloride' witk polassium hydroi^a-n Ihioride and 
boric oxide', two borates have b(*en obtained, namely, iK'oO.R.^Oj and 
JlC’oO. R.jO;,. the latter as rose-coloured rhombic crystals,’ 

C'hloro,^ bfomo,'* and iodo® borates arc' known. 

• « 

DKTKC ri()\ AND K.STIMATION OF C ORALT 

Detection, " /by/ 7^.s7.v. Sahs of (’obalt are*usually of a rosc-red 
colour when hydrated, and yield a beatitifnl bine colour in tlie borax 
beail ti'st provided they are not present in excessive amount, otluii'wisi' 
the bead beeonv s opaipie and appears black. VVhiji heated on charcoal* 
with reduelion mixture in the blowjiipe test, metallic cobalt separates 
out in the form ohsmall mai^metic beads. When strongly heated with 
alumirta a blue colour is prod need, •known as 'riienard’s blue. 

IIV/ Tests. In (|ualitaliv<4 analysis by Wet Methods, it is usual to 
prccipitide cobalt, alom: with any nickel, /.inr, and mani^anesc that may 
be }>i‘es(%\k by passajTe of .hydroijen suljdude thfoiu^h an ammoniacal 

* tleilvall, Kem. Min. Ocol., 1914, 5, lC(». IS, J ; ZtiU^ch. anoro, Cticin.. 1916, 

96,71. 

* Oitio, Cotnpt, rend., ISSI^. 96, 701. 

* Jorgunson, finll. Acad. Denmark. ISO;"*, 5, 6. , 

* Du .lassomuMX, Canipt. n iid.. 1907, l^5> 210: .Inm. Chim. 1900, [viii], J, 174, 

* Du .lassonm'ix, Kvjhth Inter. Comjr. Apfdicd Chrm., 1912, 2, 165. 

* Ditto, Ann. Chim. PJnjs., 1889, 30, 24,8. * . * 

’ OuvrartI, Comp}, rend.. 1900, 130, ,‘1,35. • 

* Rousseau and Allairo, ihid.. 1891 I18, 125.3; 1894, I15, 71, 

* Allairo, ibid.^ 1898, 127, 555. 
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• 

olution ^mtaininu these metals in the’presenee of njpnioninm eh^onde. 
The sulphides are dissolved in a^ua r^i^ia, and excess of acid boiled crff. 
iodiiini hydroxide or j^eroxide is lunv added. \vher«*l)y the hydroxides of 
•ohalt, nickel, and inancfanese are precipitated, the /ine remaining in* 
olution. The washed prtVipitalcs are diiisolvcd in hydrochloric acid, 
‘xeess of ainmoniuin acetate added, anch the sul|rfudcs ol coljalt an^ 
lickcl prceipit,.lK‘d with hydrogen sulphid(‘. i.iangancse .remaining in 
lolution. It now remains to sej)arale the nickel 1‘n'an the eolialt. This 
nay he efh'cted by Lit‘hi}is Cijanidc /V cm. which consists in dissolvmg 
he ])reeipita.tes in acpia regia or hydrochloric acid w.iJkh a little bromiiH*, 
)oiling off excess of acid or bromine, nearly ni’utralisiyg with sodium 
•arbonate. and adding ]K>tassium cyanide until the precipitated cyanides 
UT just redissolved. After again boiling, whi(‘h converts the cobalt into 
potassium col)alti-cyanide, K-jCoCfiN^, sodium hypobromite is iidded, 
vhieh preci|)itatcs black hydrated nickel oxide, leaving the cobalt in 
iolution.^ The solution may now be evaporated to dryness with dilute 
ailphiiric acid, and cither tested for cobalt by th(‘ dry methods men- 
ioned above, or the presence of cobalt eonlirmeil by any ol the 


, 1 I,' *1 

(1) a-nitroso p-naphthol yields a red precipitate of cobalti-mtroso 
ii-n'a])hthol with aca'tic aei(f solutions of (’obalt salts (see below), r 

(2) l*otassium thiocyanate yields a blue (‘olonr with s«)lutions of 
cobalt salts, a blue alcoholic layer Ix’ing produecsl on addition ol amyl 
^deohol or of alcohol and ether to the mixture (see p. 71). and shaking. 

(it) Potassium nitrite yields a y(‘llow pneipitate of potftssmm 
:>obalti-nitrite, KyColNf^c* added to a solution of a cobalt salt 

containing free aceti(* acid (see p. tiO). , , , . 

(4) Ammonium sul|)hid{‘ yields a black precipitate when added to 

an ammoniaeal solution ol a eobal^salt. 

Estimation. C'obalt admits of estimation in a variety of ways, the 


most important of which, however, are: ,i i n • 

amvimdric .Ifr/ZcK/.v. Th(‘ main dillieulty is to obtain he cobalt in 
the form of one of its eompoimds entirdy free Trom mekel or other 
met'd ?his mav be acccanjilished bv the cN^inide method described 
undcT ^-Wel Teds”, above. The s<Jution, >*ter separation of the 
nickel, is evaporated with dilyte sulphuiie acid until white fumes arc 
evolved On addition of water a solution of cobalt sulphate results, 
and The cobalt may be imeipitated in a variety of wavs, for example: 
as oxide with hv|)o1)romites of persulphates.-^ as siilidude, as eobalti- 
nitroso p-naphthol, or as basic carbonate.^ In cadi ease thy precipe 
tate is United and reduced to iiytallic cobalt m a current yf purt 


^ Th'e nroeedurc with oL-iiilro.so fj-naphlhol is as follows*; Wher 
itiis added to a soli*tion*of a (M»balt salt acidulated with ac/*tic acic 
it yields a volmijinous preciiiitate of eobalti-nitroso [Miajihlhol. Anj 
nickel oridnally present yemains in solution, a very complete sepaftdior 
of the metals being thereby effected. Indc(‘d. the react ion is so sensitive 


> Liebig, Anmlcn. 1848, 65 , ^44; IK53. 87 , 1.2H; P’. Wr.hlcr, ,7m/.. 1849, 70 , 2r>0 
Gauhe ZfM. anal%Chem., 1806, 5 , 75; Kraiiss, »&«/., 1891, 30 , -7. 

« See Dedc, GAtm. 1911, 35 , 

* ftaskv™ami von^nom-’,' fiSO. ISRfi'zo, 283; C. Kmus«. 

Zfiiich ami Chnn., 1891, 30 , 227; tic Koninck, /'Am. 1890, 62 , 19; Copuux, 

. 29 . 30)'; Chapin. J. An^. Chm. Soc.. 1907, 29 . 1029. 
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thjit {I distinct lufbidily is prodficod with siicli traces of col^alt as fgi 
to he piv cipihitrd l>y the nitrite ^^i-oee/s deseril)C(l above. The naphthc 
Nolijti(»n is .s<)ine\^hift ijnstal)le, and should be made up fresh once i 
'na)nlli by dissolvmi; 4 <(rams of the solid *in 1.50 c.c. of cold j^laeia 
aeetie aeid, and subserpK'utly diluting wfVh an equal ^quantity o 
*^<vater. , 

'I’Ik' requisite amoimt of this solution is added hot to one containinj 
the niekej and cobalt salts acidulated with aeetie aeid, and tfie whol 
allo\v<*d to stand o\'erniyht. (^)n liltcrin^,^ the precipitate is washci 
witli lU per eeiil^^'ydrochkorie aeid to remove any nicke l carried dowi 
mechanically \vth thet*obalt, and jifter washing with water and drying; 
the whole is ‘incinerated with a little pure oxidie acid, and the eoball 
r(‘due(‘d to the nu tallic condition in a curreiA: of hydrojren. Copper, 
eliromium, and iron are also [)reeipitated by the naphthol, and should 
not, Iherefori', be present in the ori^nnal solution. 

OL-dimvthfjl ffli/fKvime may be used for separatinf]; small quantities 
of niek(‘l from cobalt.^ Kxeess of the <rlyoxime is added to a boil- 
ing' ammoniaeal solution of the cobalt salt, when the scarlet nickel 
a-dirnethyl ^dyoxime is precipitated.- ^-(lipheni/l pjyojcime (a-benzil 
dioxime) may l)e used in a similar manner with eorrespondin*; results.'* 
eonv('nient method ^ of estimating' cobalt and nickel in an*ore 
consisis in decomposing' al)out one j'ram of the last named with nitric 
acid an<*l potassium chlorate .and removinj' the insoluble residue by 
lilt ration, 'rj^ie solution is aeiditied with hydrochlorie a(‘iil, a little 
bromiue wat(‘r added, and any iron precipitated as ferric hytlroxide by 
exe(‘ss of ammonia. The solution is aj'ain aeiditud, and any copper, 
etc., precipitated with hydroji'en sulphide. Ammonium chloride is now 
added and exc(‘ss of a 1 per cent, alcoholic solution of dimethyl^'ly oxime 
to the boiliii;' solution. It Is no\? rendered alk.aline with ammonia, 
allowed to stand for thirty minutes, and tluMiickel dimethyl ‘'lyoxime 
filtered off in atiooeh crucible, dried at 110" C. for one hour, and weit'lu'd. 
The compound has the formula NiCsII,.,N.| 04 , and contains 20*,Tt ])er 
cent, of nickel. The filtrate eontiiinin*' the eob.alt in solution is made 
slron^'ly aeid by additioN of concentrated sulphuric aeid and eVaporated 
till fumes aj)pe.‘ir. Tkis destroys the organic ♦matter present. On 
coolin'', dilute hydrochloric acid is a<ld(;d and the whole warmed till 
all solid matter has dissolvial. Its temperature is reduced to .50’ (’., 
and a warm solution of nitroso p-naphthol iii^,50 per cent. acetie*aeid, 
added until precipitation ceases. After standin*' aTi hour at .50" C. the 
precipitate is w.aslu'd with dilute hydrochloric acid, then with hot 
water.^and finally i^'uited, bein^ weij'hcd as CojjO^. 

VoUnnetric .l/V///ed.v for the estimation of cobalt have been su^j'csted 
at various times, but owiii" to the special conditions that have to be 
observed^ tjieir utility is seriously curtailed.'** ♦ • 

^ Thi« afTonts a conveniont inntluKi of quantitatively dotemWning tho amount of 
nickoKn a sample of%3ot)alt. See p. 1 .1.'). * ^ 

* The glyoximo solution is prepared by dissulving 10 "rams of tho solid in a litre of 
98 per cent, alcohol. 

a Seo Uallett, Emj, Min. J., 101.5, p. 8.57. ^ 

• For descriptions of volumetric methods seo Winsler, ZfiU*f‘h.i3nal. Chem., 18G4, 3, 

120; Fleiseher, ./. prtikl. Chan., 1870, no, 48; Doimth, Ikr.t 1870, 12 , 1808: Rdssler, 
Annnkn, 1880, 200 , .523 ; H. U. Harris. ./. Amclr*Chan. Soc* 1808, 20 , 173 ; Rupp and 
Pfennig, Chem. 1010, 34, 322; Jamieson, ./. Amer. Chan. Site., 1010. 32 * 757; 
Metr.l, anal. Chem., 101 4,* 53, 537 ; Engle and Oustavson, J, Ind. Eng. C^m., 

1016 .8, 901. 
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t 

Color iifictric Methods have freqiieiif>^’ been but of Jllilse, 

that ori«(iiiated by Skey aiul stu^jied several others - appears tt) 
the most Aseful. It hin^Ts on the fael that peiagsiuin thioeyanate 
yields a blue^colour with solutions of eobalt salts, due to th(‘ h)nnalion* 
of cobalt tluocyanate, Od aildinj^ aleohol and ( Iher to the licpiid, a 
blue layer is produced. This is destroyed oy inereurie chloride, so(Iiun> 
acetate, or sodiiwn thiosiilpliate, aiul is masked^>y the pr^'senee of iron 
salts inVonsecjuenee of the intense red colour of hrrie thipeyanate; 
conse(iuently these substances should Jiol be present when the colori- 
metric test IS a])pli(‘d. * 

In carryin^^ out the lest a small (plant ity of si*.uulard cobalt sul])hal(‘ 
solution is taken, and acidulated with dilute sul|)huric acid.j Amnioniuiu 
thiocyanate is then adifcd and the volume of the licpiid made up t(( 
10 c.c. A mixture of alcohol and ctlur is ik)W achh'd uutil the total 
bulk is 20 c.c. and the blue colour of the supia-iiataiil ellu real layer is 
eoni|)ared with that from a solution of the litpiid to be tested, and 
which has been treated in a precisely similar manner.-^ 

FAcdrohjtic Methods liave also been employed.'* 

I* Sc<' Ijanipudius, ./. firuU. ('fK'it.. ISHS, 13, IlSH ; A Muller, lKr)d, 60, 4 el; 

Skt'V, Chi lli, A'cn'v, IS(I7, 16, 2nl. 

* Sec H. \V. Ibr., ISTo, 8, 1588: 1870, 12, :?81 1 : ’/.nfM'h. nwil. ('hau., JSSI.’, 

21, 508, wlx'TKM' fn'tjucndy l»ut iiwcovcllv (rriiH cl “ \ i>L'rrs Mi lliud”; Murrell, 

IS77, 16, 251 ; H.‘tliid<. Snlfrhiinl TiiMrlJI Chain:., |SM!*. ii, 48 ; hit/., Chan, /.(it,, 
I'.IOl, ?5, 11)8; Treadwell, /niis.h. aiionj. i'hun. I'.Htl, 26, Ins; |{.>s<‘ji!ieim and lluld- 
sebiiiskv! /.i ul'h, anal. Chnn.. lOnl. 40, snti ; /;. 1!M)|. 34, *Jn5n. ; ... 

5 Full <l.'tailH nre ;;iven l»y Mellor,*.! Tnali.st mi (,>imnl{laiivc liionjnnic Jtuilysts 
(Cliaa. (IriHin aiul Co., 11)18). Si*f atso Mellor, Tram. Ki>\}.\'ir. Sue., 1908 , 8, 132 ; W'olIT 
Zriturh, all'll, ('hi in.. 1S7U, 18, 88. 

* See Mell(ji , cil. 




-flTAI’TKll III 

NICfeEL AND ITS COMPOUNDS* 

NICKKL 

Sj^mhor, Ni. Atomic 5S*GS (0 = IR) 

Occurrence. Nickel is a frequent eonsf ituent of meteorites (see Part II), 
in wliieh it usually oeejirs alloyed with iron in amounts ranj^infj to 
upwards of 20 ])er cent. It is also present in the combined slate in a 
considerable number of terri'strial minerals, both as an essential and 
as a minor in^uvilieut. Thus the nichrliferoiis luagneUc pifritvs of 
Piamsylvania contain nickel up to some o-O per cent., whilst in Ontario 
nichrliferntis copper pip'Hc.s are worked with only 2-G per cent, of nickel. 
Many i<»neous rocks contain traces of nu^vcl, Clarke ^ tiudin«» 0•027'l‘{)(^ 
cent, of nickel oxide as the mi'an of 2G2 analyses. The sul]>hide, NiS, 
oe(^'^rs as miUerUe, nickel pyrites, {)r nickel crystallising’ aeeordin^^ 

to the h('xa<'onal system; hue aeieular structures occur in clay iron- 
stone at Merlhyr Tydvil ; hardness ;i-.5 ; density -kG ^-G. It is brass- 
yellow in eolkiir, easily fusible, and ] 4 '>ssessed of metallic lustre. The 
same sulphide* associated with iron occurs in the mineral Pcnflandife, 
NiS.2KeS, which is eubh* ; hardness .‘J*5 ; density t-G. Pentlaudite 
was for some years worked at (Ih'ii Kssoehossan, Inveraray, and contained 
some I t per cent, of nickel. • ♦fc 

Other sulphides are FolffcritCy NiS.FeS, named after the then Chief 
of the American Navy Ihireau ; hardness ;{*5 ; ma^metie in mass, but 
not in small 'drains, liincifc, named after one of the chief ( anadian 
Mining Commissioners, is NiS.,. CiFeS.^. It is not magnetic; hardness 
3 5; density t-2. H7i(o7am7e, NiS^.7FeS._, ; density ;}-73 ; hardness 1. 

Nickel sidphate, rySO|.7lFO, is oeeasionall^v found as the ortho- 
rhombic mineral nnnrsonife or pi/romelane, aiul probably results from 
oxidation of the sulphide. It occurs al^Cape Orte^fal in Spain, and at 
Ueiehelsdorf (llessc); density 2 0. Nickel t^ lluride, Ni./lV.j, is found, 
as niclonitc in California, in steely j^riw; hexai»onal K'rystals. 

Combined with arsenic, nickel occurs in the mineral niccoUtc, 
nickclini* i)Y copper^nickcl , NiAs. It is rarely crystalline, l)ut when it is 
the folan is hexa^^onal ; hardness ‘5*5 ; density 7*5. Its copj^ry red 
hue is characteristic, only'twf> other minerals^ namely, copper arsenide 
ixnd brcithnnptitc or nickel autimonide, NiSb, bci^rinj; any resembhyicc 
to dr TIfis latter mineral occurs at Andreasl)er;r, m tjjc Harz, is usually 
massive, and often associated with a* considerable amount of lead 
sulphide. Crystals are rare ; hexagonal. 

Temiskaniite, Ni 4 .\s 3 „is a silver-white mineral, Nvith a tinge of red, 
which rapidly tarnishes. Hardness 5*5 ; density 7-0^1. It is found in 
calcite veins in Out ario.* Possibly this mineral is the same as Muucherite, 
a nickel arsenide found in Thuringia.^ ‘ The diarsdnide chloanthite or^ivhite 

* Clarkt', Ikiia of Itni lul., p. fil)I ; Bulletin tiUl, U.iS. Geol. Survevt 

* T. L. Wftlker, .^mcr. J. Set., im, 37 , 170. 

* C. Palmer, Econ. (M., lOU. 9 , 604, at^straAed in J, Chtm. Soc.^ 1915, XQiS, [ii], 171. 
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^lUkel, JNi^Sg, occurs at Cobalt, Ontarfft. It crystailiscs in impt^Mect 
cubes and cubo-octahedra, and i\ iso^norphous with smalt it e. CoAst 
with which ft forms numerous intermixtures. It is«tii^-wlhte in ei)l()ur : 
hardness 5-5 ; density 0-5? An orthorhomhie diarsenide of niekel is 
known as llammelsher^ite, NiAs 2 . Cier.silorJ^ifc comprises inassiM* ores 
of nickel in The form of sulphide and arsepide in vnryin^ proportions,' 
and intermixed with iron and cobalt. Ddisitf 5 !). ()tliiT minerals 
arc IJllinaniic or 7}ickel stibinc, NiSbS, found in the liar/, : (h'usil y ()■«*! ; 
hardness 5. Ni(SbAs)S, ailtl limiit ifr. (Co\iFe),jS.,. 

oxide NiO has ])een found in oetahedra, known as limisvnitv. It was 
fliseovered by ller^finann, in Saxony; hardiu’ks* 5-5 density 01. 
Nicomelane or black tiickd is a rare oxide of eonijmsition aj^proximatin^^ 
to Ni.^Oij. 

Nich'd bloom or nich'd ochre, Ni 3 (As(),,) 2 . tSlbO, is an aj)ple-^M*een mineral 
found at Annaberi^, Saxony, for whieh reason it is IVeijiienl ly known as 
Annabcr^iilc. It is most ])robahly isiunorphons with ciylhriie and vivi* 
anit(‘. its colour is eharaet eristic. Jicicdan.shifc is a hydrate silicate of 
niekel, iron, and maj^mesiumto whieh the formula (\ilM‘M;j:).,Si,(),.*JlI. 2 () 
is assi^iK'd. (iornicriic * or Koumcitc'^ is a hydrated silicate of niekel 
iUuT ma^^mesiuin of varyin^r composition approximating^ to the formula 
(NiM}r)^d);,..rll 20 . It occurs at Noumea, in N(*w Caledonia, i^al, 
prior to UM)a, was the main source of the niekel of comineree. It also 
occurs at Kiddle (Oregon), Webster (\. Carolina), and Ib Ncla in the 
Urals. It is free from arseni(‘ an<l sulphur, and cannot ,^t lu'i’efori'. be 
re^uirded as a decomposition prdlluet of sulpliiji s or arsen(>sidplrtdes.'* 
It is really a product from serpentine in whiel^lhe ma^nesiui]i and iron 
have been more or less completely replaced by nii‘kel. It is brownish 
yellow in colour, and contains varyini^ amounts up to *27 j)er cent, of 
uncomhined water. Density ‘2*5; tiardness *2-5. iicuihitc, a hydrated 
niekel mairnesium silicate, is closely relaled to (iarnic'rite. Niekel 
carbonate is found as Texasite or emerald nichcL an apiorphous mineral 
of c<)in|iosition corresponding^ to the formula f'lXifUCOo.alhJ). Hard- 
ness J3 ; density ‘2’(i. 

The presence of niekel in the sun’s pholospheie has been di iuonstratcd 
spectroseopically.'* .. ' ' 

For the sake of conveiiie?^ reference the fore^oin^ minerals .are 
jriven in the table on paj^e MO, to^^ether with their more important 
ijdiysreal constants. ^ 

"History. Alloys ‘eontaininji* nickel and eopja r have been known 
and used for .several thousand years as witnessed l^v the existence of 
ancient currency datin^r ]);ick .several eenturiis belort* the birth of 
Christ.* Nevertheless, niek('l itsell w,is not Heeojrniseil or isolated as a 
se[)arate entity until Cronst<‘d, about a . d . 1750, showed that aiccolite 
or 4iii])fcrnich'd, obtained from a cob;ilt mine in Sweden, cqjitaiii/'d a 
new metal. A fonv years later he succeeded in isolating' this metal* in 
an im 4 >ure form and terip(*d it nich'd. 'l'h(' word nicXel is eqiuNi^lhnt 
to jroblin ” or “ devil,’’ and the term “ kupferniekel ” was one of 

^ in hunour of Garniur, wtai diacove^i’d it in isr,,!. 

* From Noiinu’n. fko rafital and chief town, where tin- first jittompi to smelt the ore 

on the island of New' f'aledonia was made in ISTO. J2vei>idpi- distinguihhes between 
Garnicrite and Noumeite, reserving the la'lter name for the dark green, unctuous variety, 
and former for the paler and n»ore lare. ^ ■ 

* uamier, Compt. rend., 1878, 86, 084, 

* Ix>ckyer, Compt. rend., 1878, 86, 31,7. 
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<K'|)r('<M:il ipii applidl tlit* milural in (picsli^m iM'caiisr il appcarni In 
cnnlain CKppir, ycl yichh-d noiir. (’liarlclon'suLriri’sts “Old Nic'k's 
mppiT " as an apt Iraiislalion nf kuprofnick/1. 

In 177,) |{('ripnann ‘ pn'p.arcd sninr ^ai^;ly pure niekri. lu ISOI- 
[{iclih r s(u)\V('ll lli.d I III’ nu’tal is inajloabh’, diudik , and pnssi’ssrd ol 
liiiiii l('nsilt‘ sli’i'n^lli. 

Nirkrl was lirs^ rcliiu’d on a eoinnu'rcial s(‘aU' at Sclint’chi'i’^, Saxony, 
a!id for sonu' years its eliiet’ ores*' were those oeeurrini^ in the eo)>alt 
deposits of Saxony aiurih^emia. In 1S3,S Swedish pyrrhoTite ores 
were found to eontain niekel, and a plaKt was erected for workini' 
tliern. 'Hiekel was also found in certain Norwegian sulphitlie ores, and 
thcfce soon hee.’pue the main source of ihe world's luekil supply, to he 
superseiled m 1S77 by the New (’aledonian* ore, (iarnierite. fn 1880 
siilphidie ores from Sudbury, Ontario, made their a]>pearanee on the 
market, and since 190a liavc been *the* main sou/ee of commercial 
niekel. 

Previous to 1879 nickel was onlyu.sed in tlV manufacture of alloys 
such as nii'hrl silver, but hjeitmjmn in that'vear showed that the brittle- . 

‘ T. 0. lU rgmuim, A niccolo, epusc.jU, p, 231 ; 3, p. 45U ; 4. p. 371. 



of thqithon oonnrier<*inl nu*tal miiTill he nmoveithy the addition 
of small f|iiantitiis ol‘ mairiu'siuui. XW'h^#! ivf'med in this way tlm nietaf 
eould be wtTdrd. ami wa> almost iimm‘diat(‘ly pla^ni on tin* market 
in the sha|n of eookiii}^ iittlisils. From that time to tin' present the 
value of nieLl for a lar;.^e vari(‘ty of pur}kOses has 1 cen inereasin;,dy 
reeo^rnisi-d. Tht' adveni of the (Jrtat Fip'opean t\ar in lltl 1 still 
further eiihaneejl 5 >, > importane(‘ inasniueh as it^Vound an rnorimuisly 
extt iuled a})])lieat ion in tlie manufaeture «d‘ spteial steels for n^^val and 
military purposes. ) 

Preparation. For lar>oratory juirposes niekt l ip.>. *bt‘ j)ri'pared in 

variety of ways, such as the n'duetion of it:.°o\ides A\ith carbon, 
carbon monoxide,* (U- h\ !!o^r(‘n.“ lly reihietion at h*\v tt^mperal ures 
Alaumiis sueeee(h‘<l in oliiainintj }»yn»phorii‘ niekel. and tiiis lias beeJi 
eonlirmed by Ipaliell* for temperatures Ix-low .!?<)' F. 

Xi<*kel may also la- pn-pared by eleetnilysis of ammoniaeal. aeidilieil, 
or mailral solutions of its salts, a process lhal is uscal commercialK' for 
eh ctroplatiiiL!;.*' It is pit (‘ipitati'd by /iiic from ammoniaeal solulions 
of its sails. and is left as a resithie on iutiitinLi’ ( ither tlu' oxalate or the 
ilonbh' nickel amm()nium t*xalal's Solutions of nickel sails arc reduced 
l)y !i\'droi:t ii when htalt'd mwh r pressure, metallic nit'kel bein^f precipi- 
tah d (»nl ol’ solution.' 'I'hus a sohili»ut of nickel sulphate deposits 
iii< t al!ic nickel at I -'sii ( '. in the prestaice < if hydrogen at 100 atmosplK i-cs 
pressure, whilst a similar eoncent rat ion of niekel acetate deposits a 
part' nickel under like conditions at. i(»S ’ ('. 

► TIIK (OMMl’dU lAI. I'HODFtTION OF MFKFL 

Sources of Nickel for Metallurgical Purposes. Xk k< 1 on s occur 
in ( anada, Norway and Sweden. Horifco, New Caledonia, Cuba. l''ranc(', 
(hrmaiiy. (incce, and the Crals. Most of these deposits, hinvever, 
are small and unimportant. The chief sources of nii kcl fa* imlustrial 
purposes arc Norway, New (.’aledonia, and Ontario,'^ 

Norway was at one time the irrt atest product r ol nickel, but ri'ached 
her niaxinium in 1S70. when t 2,.'>00 tons of ore re mim'd, coiif ainin;^ 
some Ions of nickel d'he ori' is sniohitlie in character, and asso- 
ciated with jiyrrholite and eliah-opyrite. It conlains as a. ruji' from 
] • t to 1-7 per cent, of nickel. 

New Caledonia, an island situated in tiie South Facilie discoNcred 
by Captain Cook in 1771. was at? one time used as a French con\ icl. 
station. In J.Stl.j Carnier discovered nickel there, 1ml its prcsc’iicc in 
commercial (pianlilies was not proveil until l.s7t. 'Che follow injr^u'ar 
over .’300# tons of ore were exporti'd, an amount, that inereasecl to 
1)1, 151* tons in 11 ) 1 1 .** The ore known as (.arnii rile, in honour of ils 
disem erer, is a liydraiet* silir*de nieki 1 and ma^mesinm. Jt cojilajns 
on an ayera;.,^' 1 to ,S ])cr cent, of nickel based on the dry weieTit after 

^ ScT Wliarpy. r* ii L, 1 U 4 >U. 148 , rjUl). 

* S(v Ij.ati' tl. J. prnii. ('fain., I'.MIS. jii], 77, aKI, 

* Mnginis, Annalf/f, I Si!,”). 3 , .'51. 

* IpatstT, ./, jii’ilt. cjuin., I'.iijs, I if!, .M;}. 

^ Sf*.* p. lea, wh'T'- rff'.rer.i^s arr uo'-n. 

< J. L. irivis, Chrm. .V.»-..„1s71.30, 

Mpai^cfl, y^Vr,, mil, 44, 

‘ *• Set ('hnmln < '<innn'. n'<\ lOlti * in V. hr^., I'.liri, 35, IHI. 

• .Mn IDl.'k t!u* exportation of oro was (»nl\ |.S,5T«» t-ni.s, but to war ■ajnditions 

|tl^'cannot be rt>gardcd aa a normal ouipi^. 



COBAT.t, NiCkEL, AND ELEMENTS 6? PLAWNim (:jRO»f> 

hci’fliM^f lo 100 ^". In r(‘in(>vt‘ [\\v 25 ]kt cent, of water. following 

may lx* hilo n as a fairly n prfM-nlalivc analysis of the dried ore ^ : 


Silica . 

Magnesia . „ . 

Lime .» 
y\hiniin:i *■ . 

, lo-rrie (»xi«lc 
Nii'kel oxide 
('ol)aU.,o\id(‘ 
Ma,'igaMesc''oxide . 


12-0() ])('r cent. 
22 00 
0 10 ,, 

1(*0 " .. 
15-00 
0-00 
0-15 
0-7() 


('Iiromie oxide 
(’omhined water 


1 races 
10-00 


T<.tal . . 00!)5 


lo)r many yeai s lliis N< \v ( alcdoniaii (iai ni« ril{‘ was the (-hii-f source 
ol’ I he world's nickel supply. Inil sin<‘e 1005 il has hc( n eclipsed hy 
sulphide «»res I'roin Ontario. 'I’he Commissioners appointed to imesti- 
gat(' and riport upon the nickel sn; plies of Ontario pnhlislK-d tlu*ir 
opinion in 1017 that 'I'he nickel onotleposits of Ontario an- much 
niore I'xtensisa- and offer better facilities for the pnxluetiim of nickel 
at Im.v cost than do those of any other eonniry. Niekc-l hearing ores 
oeeiir in many parts of the Nvorld, bnt tin- great extent of the deposit.**' 
in tins province, their richness and uniformity in met;d eoiitc-nls. and 
llu' success of the hidnstry, point strongly to IIm- eoneliision that 
Ontario nickel has littl ' to (ear from competition. ' 

The reas(in for tlu* rapid rise to importam-e of llu- Ontario deposits 
is their tremendous <-\tei't. Wifilst llu- Ni-w Cah-donian ore mav he 
estimated in hundreds of thousands of tons, the Ontario ores in the 
Sudbury ar«-a eertainly reach seventy million tons, and possildy extend 
l(» at ler.st twi('e that amount. In liH 1 slightly more tlian one million 
metric tons of nii'kel ore were mined in Canatla. Sndbiirv on consists 
t'ssentially of thre-e minerals, namely, pyrrholite, (-hale-»p\ riti-. and 
pentlandite, a(-<*ompanied by more or less rocky mali-rial of i he nature 
of granite, (piarl/ite, etc.-' 

•'riie pyrrhotit<- or magnetii- pyrites is essentially ir(‘n sulphide, 
or Hm-S. Im'.jS, ; ehaleopyril(- or eoj)per jiyrites, Cu_,i5. Ke.^S.,, 
contains some ;]5 per cent, of coppe r, wlubl IJie pi jit landitem-oiitains 
the nickel as sul|)hide associated willi iron sulphide, thus, NiS.2l''eS. and 
contahis approx'^mately 22 per cent, of nickel. 

‘rhe origin of the Sudbury ove.s is a matter of dispute. According 
to the igneous or magmatce theory the three minerals separated in a 
molten condition from the nx-k. An alt- rnative theory suggests that 
,the lAi'/ierals were deposited as the result of cooling or eva}x nation of 
heated waters containing them in solution, and ei'nanating from soine 
deep-seated source of igneous material.^ 

' (Ilassor. /.r,s' liii'firs.s(s mim'mfrs lU la ytaivilU Caltdonif. lOlU. A scrit's <»f tyijical 
xuulvsotj given in tlio h^povt oj the IlotfaUOnUirio Nii'k'il Tonintc, 1917 

p. LM8. ' ' 

* Opus cit. p, \\v. , 

* See (V-leinar. The MrkO ludustn/, IVpaitnHiil vf Mino, rnnaita. lOlI?: Bartow,, 
Hfporl o.'» ///{’ A h'L() ami ('apt ,r fKpo.sit.< of Su<lhi/ru. (Jih. 1 . Sinvey. ( anada, IVU". 

■* Si'O the lUport Outarin Mrkcl Commission, 'WaoinOy 1917, pp. 120-133 ; Tolnia!} 
and Uogeirt, Hngiuciriu'j and Mining J., 1917, 103 , 220. 



NICKEL AND ITS COMI»OUNDS If 

Tn ISOT^iickcI was niiiuxl in Kirkcndln’i^hlsliirc lii tho cxtoiik of 
JiOO tons ('(’tac, but no rurllier tuit|'iil li\> Ihtu rrconlcd. T]) to 
buiall (juanlitics ot ashniji, conlaifiini: nickol and (‘(/iK lt, wen* luiiu'd 
in Flint sliin*. TIkso have constituted the only sources of nickel in 
.Great Ihilaind 

X<- ores are ii'ined-in the F.S. for their jiiickil content, althou;,di a 
lew hundred tons .ne obtained ea<‘h year as by |iroduet lV*Mn eopper 
ores. 'The F.S. is the largest ))rodueer of nickel, it is true, but i)btaius 
its raw material from ('auad;i. 

In lino, (iwimr to the demand for nickel for wj.i purposes, (he 
* J)ftMluetion ()| nietallie nickel in Canada exceeded bv -Co j -r cent, that 
o( the pr<‘\ ious \ear. The lii^ures arc : 

ltd.*) .... (»S,.‘iOS.(}.^7 11). of nickil 

c.iK) . . . <SL»,:c,s.r>i;i 

An important <liscovcry of nickel on* is reported by Calkins, of lh(‘ 

1 .S. (ieoloj^ical Sni’vey. as having bei-n made in San Die^o Conid\', 
Calitoniia. Tin ore sciuis to be similar to tin* Sudlmry deposits, anil 
occurs as an iri'cmilar mass in a dark Ljabhro. Assa\s of more than 
t j)er cent. ol nick« I ha\»- be< ii obtained.-’ 

Nickel oi'e diseoNcries have bci ii reported also in Silesia, (h'lniaio', 
and ill the district of ()ri\io, Itolivia. 

TiiK mi:tai.lcu(;v of xickI'J.*‘ 

^ d'lie processes in\olved in the reduction ol' nieki'l ores vary con- 
siderably, both with the chi'inical composilion of (he ore employed 
and the nature of the prodnci nonired. l•’or ixampie. tin* Sud- 
bury (Old arid) oi’es consist ess' idialn* «)f s'dphidts id nicki h copper, 
and iron. Win n pnn* nii’kel is n*(|nircd it i*-. of eoiii*se. cssi ntial to 
remove the copper and tin* iron. Sometimes, however, 'in alloy of 
nickel and copper, known as imnitl tiuUtL is desired, and it is usual 
tln.n to nn.tove the iron and snbseipient Is rediiee tiie mixed sulphides 
ot copper and nickel to the alloy direct. Mon< 1 metal is thus known 
as a iidltutjl alloy, inasmuch as the constituent eh * ii'ids have not be(*n 
individually isolated. 

Sf * 1110 inns oxidised ores, such as (iarnicrif e, arc rcflnccd Ibr ihc 
direct mannlacture oi l< rro ni(*kel, but. the bulk of nickel ore is utilised 
in the production of commercial nk'kel, 'Po this einl I In* mi'lhods vary 
somewhat in detail aecordini.; to the nature oj (he ore. Most processes, 
liowevcr, may for purposes of deseriphon be divided into two si'cljons 
comprisiiifcf (1) the production of Jh-ssi-mcrised matte, and (II) tlio 
reduction ol tliis matte to inctallic nickel, a process usually termed 
refill * 

I. Tin* Production of I»esscnieriscd .Matte 

(I) Treatment of Sulphide Ores containing Copper, flwini,^ lo 

the fact that the most important supplii s of nickel ores consist of 
niekeliferous pyritesjrom Sudlmry (Ontario), the method adopted by 

. * See •/. ( f'Oit'btr ( 'timti'f r<'t . 

- Tin Mli’fitil 'larniii} Hllil. 1017. 2«J, 

* For yiilh. r ftic n-.el. r n-f.-rV-a to tli.* nf fhr fhiffttv) Nirhl 

J'lfrlito. IDli ; J hr Mt I'll^ iirtfl/ <<f fin' .\ of}' f fifnis .l/Oz/U, IjV (iovv’liiml 

(fritlin iHwi Co., 2 m '1 vit,, IlMs); A^do'l Kluiro 'ht tui'irt/, by Alliiiand (Ariiold, 
Jliickd Induclnj, by Coleman IU13;. 



Ill® CaiKidiaf) (r'oppcr Coinjiany for tlie iirojiaration of Bcsscmen^| 
^ malic may here l)c a(l\ aiila;L(toiisly ilcscrilKil in considerable detail, I; 
Kjtilomv (if J*mrss. 'riie on* is lirsl dressed, roasted, and theii/i 
smtllcd in blast or rc'N'erberalory furnaces io a ferruginous nuitteS 
consist iiiLf ; ssciil ially of lulpliides of copper, ni<*k(‘l, am^ iron. This is v 
I lion o\idis(‘d in a blast (»tair in a eonverler in an analotrous manner to 
the prodnrliot'. of steel by tlu‘ basic Ih'ssemer pro(5?ss. ]]y this means - 
praeliaally all llie iron is removed, and as much sulphur^as ])ossible 
,>villioiit ('xeessivc' loss of nielel. On an average the product contains 
approximaleivT ^ 

Nirkel and copper . . .SO per cent. 

Sulphur .... ,20 ,, 

Iron .... . . 0-.5 

and such trace's of gold, silver, and metals of the platinum group as 
can be recovered by rerming. 'rhe* malle is then ri'ady to be relined, 
lor, unlike copper, nickel (‘amujt be obtained from its suljihide by mere 
oxidation since niekel sulpliide and oxide do not interaet to form 
metailie iii(‘kel. 

tile ore consists in hand-jiieking to remove obvious iin- 
purilies. 'J’liis may lu'eoiue an im[)orlant operation in the future, 
sh(»uld it Ix'eome ueeessary to utilise less pun' ores. Magnetic eonccn- 
(ration has Ixs'ii Iried, hut has not proved suece.ssful* 

Thi^ is fnsjuently carried out in piles measuring 00 feet 
by 100 feet in area ^nul S IVet in lieight. Siieli pih's contain roughly ■ 
2500 tons of ori', and are constructed by liist hiving a wooden fomuhv- . 
tion 12 to IS inches deep, covering with coarse on', lluii with medimn 
si'/e, and lastly with “ lines” \\;|iieh cover the ('iilire pile and reguhde 
the speed of combustion. The coarse ore amounts to two-thirds of the 
whole. In order lh;il tht' tire may penetrate rapidly to the interior 
and arford* a nuu’e uniform eombnslion, Hues are let into tlie wooilen 
fouiulalion aiul I’Jled with smaJil wood. 

The wood burns out in about sixty hours afti'r light inj;, but the ore 
etiniiuues to burn H^r tlu'ee or four months, its speed of eombustion 
being regulateil bv^ cout rol • of the draught.* The outside })orti()ns of 
or/' assume a reddish tint in eonsetpicnee of the oxidation of iron; 
ln'(jiienlly the inti'rior of himj)s of ore remain unehangc'd throughout. 
On the average, however, tlie sulphur eoitleiit is reduced froiii 2J3 per 
eeiil. in tlu' raw ore to 10 or 12 per hent. in the roasted material. 

lloasting in, open piles is not very ellieieiit. Kx|)osed to all elinuitic 
vafiations its regulation is complicated. Some of the sul[)hides are 
oxidised to soluble sulphib-s and .sulpliates which dissolve in rain, etc.,- 
and are thus washed away and lost, ^Vhat the actual loss tlirough- 
^tkis ‘iwuse may be, is mieertain. but it probably amounts to* about 
I J Io 2 per cent, of nickel plus eopjAcr, the nickel losses being greater 
than copper,' even all hough the latter element is present i.*i greatei^ 
abundance. In Niu’way the oju-n roast-lica]) practice has ])een dis§ 
continued. As mentic'ned above, tjiis picihod of roasting utilises onlyt 
a relatively snudl proportion of finely diviiled ore or lines, the bulk 
the pile eoi^sisting of rough and nc'dium-sizivl ore. 

Wedge * furnaces are emiiloyed when lines alone rec|uire la be 
witli, and are more cilieicnt than open practice. The ore if 
^ Sec A. W. Pyriks in Canada, 



tV li olind in#hall mills;, transfcrml to the furnaco, and heated first 'vvlll 
oil to tlie di‘sire(l tcm|UTaliin‘ and kjaiid.iiiK'd at tliat ]K>inl with coal 
Riel. Thr snT|f}iur eontm; i>f' tlic on* is rednceti lo 7 |)e’* (‘('lit. and less. 

Sfneltihi* is carried out cither in blast or revirlicralcny rnrnaccs. 
In the t'orna r case the iilasl 'turnaci's ^ are r elainjiila • in shapi*, some 
19 f(‘et in lieiudit and eajiable of dealin*^ ^^ilh 500 t(»ns of ehar^a' per 
day of I wenty-IVmr hours. The ores arc* bh'iuled in ord('r 4o be self- 
^luxin^^ If iiisuflieieiilly roasted dnrini| the pri vioiis operation Jhrther 
oxidation diiritiLT sinelliiiL' is essential, dr which piirjiosc* (piarlz is 
added, thi* rapidity of siiieltin^^ beinuf tlu'n by deer(\*is( ,1. In this way 
sd!ne 50 per cent, of tlie iron and sulphur can be oxidised .‘iway, a basic 
ferrous sla^' Ix iiiLr produced. 

A ty])ieal eharijfo consists of - : 


('ok(' . . ... 11 parts 

Hoasted ore ..... SO-7 
Converter slai; ..... 10*7 ,, 

Converter scrap, limestone, (juartz. . ‘2*0 ,, 


the in^n’edi('nts la'iiej ehaiya'd into the furnace in the fon'i^oin^f order. 

Tlic blast, supplied through .12 luyt'res at 22 to 05 oz. pressure, 
amounts to sonu* 2t.000 v‘ubi( feel per minute', 'riu* molten products 
flow (‘onlimiously into oval settlers lined with ehronu* brick, tiu' imdle 
(density 1*0 bsj seltliuK to the bottom whils! I he slai^ (density .‘1*7) 
overllows eontimiously into 25-t()n pots and is carted aw.iy, 'riie 
matte is tapped at intervals into 7-. on ladles, and average's some 25 per 
pent, of nickel jiliis copper, in tin* proportion ol 2*1 2*2 of nickel lo 
i of copper. 

Tlie avera^n* workiiii^ durini,^ 11)15 1910 yielded, for (‘very 190 Ions 
of ore, 22'7 tons of matte eoutainin/f' SO per cent, of tin* ni(‘ki‘l and 
co])per (‘ontents of the eharijf(‘, and 9.S tons of slae- (‘ontainin^* 9 p(‘r cent, 
of th(’ ni(‘kel jilus (‘<tpper and which an* thus lost. 

Iteverberaforv furnaces^ an* parti(‘ularly suitable for lim's and llue- 
dust from the blast -riirna(‘es. Tlieir walls and roof are lim'd with sili(‘a 
bricks, and iue hearth with silica sand. A tyjaeal ehar^fc eonsisis ol 

\Ved;^a* caleinc'd ,)rc and Wedtje i!’.ie-(lusl 01- jiarts 
Haw lines ...... 2.‘b7 

Hlast-furnaee lluodust . . I2'.‘l .. 


The coal eonsuined re'r‘hes 22*5 p^r cent, of the wei^^dit of the (‘har^re.^ 
l)urin<^ 1!)15 1910 on an avera^m each 100 tons of oia* yielded 
21*3 tons of matte (‘ontainin^ S2-0 per cent, of the nickel jilus ei)pj)er, 
and 9.2 per cent, of sla^ eontainin^r fO-5 per cent, of the nickel jiius 
copper of the ore. 

nessemerisinfi. For this purpose basic converlers are usi'd. Tliesc 
are cylindrical in shaiic, lined with ina^^mesite bricks, and riT(*asifr(^ 
BO fec't in length and 10 feet in diameter. A stack ris('s fi^om tint eeiil/c 
to enable the <(.ases to escajic, and tin' n('(‘essary air-blast is saipjilicd 
throuj^di tl tuyeres at the rate of 0500 euhie feet per minute, and under 
a pressure of 10-5 llv 

? In heeimiin^r a fresh blow% 70 tons of matte from the filast or 
jpjeverberatory rurnaee aiV poured into the (‘onverter in th(‘ molten 

' Silvfxtor, J. ('uri'v^an Min. ll)ef|, 12, 2 !H. 

* Ontuno o}iU/i ril, 

® Browne, Hull. Amtr. in.i\ Min. Hwj., January 1915 



8« cSbaLT, NIC'KEl, AND ELlaiENTf "OF p£Al*nrojifl^O»f ^ 

forvrliiioii, toi^otfior witli 10 ^cr cent, of siliceous flux. ^Thc' blast iiS ’; 
•coriliMiicd for .‘10 t/i niiinitc?#.^ and/ the slai,^ j)onrcd off: .5 0 tons of 
rnalfe and .’t fvn^ <d’ silieeoiis flux are a<ldcd and the Vvhole is ai^niifi 
l)l(Avn. 'riiis is repe.'ded until some t(l() tons of matte have been 
freahd, and oeeupies abtut hours. *i’hc resulting Ilessenier matte 
vvei^lis 117 tons.* Hie blyst oxidises the iron to ferroirs o\ide, which 
eombiiK'S ivitli I h(‘ silica to form shi". The ma^mtsiie is slowlv worn 
jiway j 4 bov(‘ the tuyeres, l)ui 0000 7000 Ions of matt(‘ may be made 
J)efor(‘ repair is necessary. ^ 

'File HessetfKr iii.dte which it is desired to j)roduee sliould not 
contain mf)ii'‘ th.m *.S() per cent, of nickel plus co|)|)(t, otherwise it*is 
too tounh Vor subseipient handlinjf. The iron is laanoved as (‘omplctely 
as possible, but the sul[)hur ndained in order to yii'ld a britlh* product. 

Usually the matte thus obtained consists of: 


Niekel 

. IS 5a pi‘r cent. 

Copper 

. 25 ;u) 

Snlplmr 

. 20 

Iron . 

0*5 

1 is now ready for rerminy. 



« (-) Treatment of Sulphide Ores tree from Copper. For this 
purpose' uii'kdifi'rous mdiindir jn/rifis are used, eoniainintj; 2 ])er cent, 
and Upwards of niekel, 'Fhesi* are roast (‘d, whereby IIk' sulphur 
combined with (he iron is exjKlh'd, tin* nick<‘l still reinaif)inn' as sulphide. 
The rt'sultin^ niekeldron matte ^ Is now nu'lti'd in a re\ a rberatorv 
furnace, and the remaining iron sulphide oxidised by a blast of air, or;, 
ill a. converter similar to that already deserib(‘d. In (‘itlur easi* the 
r(‘aetions are much the same, a m.atte of niekel suljihide lainir left 
l)(‘hind. d'he ferrous oxide coinbini's with silic.a of tin* furnaei' linintf 
and (‘scapes as sla^f, to^^i'ther with some nickel which has simultaneously 
oxidised. The sla.e is tlua’efore worked aerain fur niekel. and (he matte 
is relined. 

(•‘1) Treatment of Silicate Ores. For this ])nrposc (idrniirik, a 
hydnited silie.ale ofhiiekel and m:ii,mesium, is employed*’ (si'c ]>. 70), 
beine exported fro\n New Unledonia to (ircat Hritain and Furopc, 
where it is smeltc'd. The ore eontaips (5 ,S per cent, of nickil, and is 
iirst smell ('d in a small furnaei* with alkali waste (ealeinm siiljihidc), 
or with <,wpsum (calcium sulphate) and (^oke. The niekel and iriui 
(associated with it in the ore) are convert ed into a nickel-iron matte or 
sulphide, the inan;ni\sium ami calcium uniting with the silica to form a 
fusiiMi' skiLj. The matte is now .partially oxidised to remove "xcess of 
iron, and tlu‘ resulting! product smelted with coke and sand and nickel- 
iferous slays to efh'ct the removal of still more iron. 'J'he coneentrated 
nvdtcj,s linally llesseiut'rised to nickel sulphidic, aiul re(ini‘d. -j 

( 0 Treatment of Arsenical Ores. Nickel isi also obtained on a 
si'iiall scaK‘ from its arsenical ores. Thcse,i arc roasted to remove jiart 
of the arsenic and sulphur, smelted with silica and coke to nanove iron 
in tlu* slay, and the crude nickel arsenide thus obtained roasted in a. 
reverberatory furnace to oxidise mbre iron and remove more arsenic, j 
The last two operations arc repeated until f)ic product is suHicieiitly ; 

^ Tho composition of nickol mnttc has l»ccn .stinliod l>y Rornpmnnn { Mdnlliiroie^ 1008^) 
5, 61), who shows ttuit scvA-ral doui»Ie .sulphides of iron and nickrl arv capable 
under well dctiniHl conditions. 



free from ^ron. Tlie ntass» wliich now consists of pure njc^lfej 
arsenide, is then converted into ni/“kcl ^)xide, :ind eitner reduced witll 
carbon in 1h^ usual way. or dissolvt d iifliot liydvocyorie acid, and any 
copper, arsenic, bismuth, or aiUimony .yr(‘cipitated* with iiydro^en 
siil[)hide. The hydro<i» ri snlpliide in excesses renioveii by boilinjp and 
the iron is (ixidistal with bleaehin<T powder, and precipitated t>y cautions 
addition of m Ik ^A' lime below 40'^ (\ to* prcv^uit. the suuultaiu'ous 
prceipitateai of co])alt. More bh^achino ])owd(“r is addcil, and tlie 
tcmjieratnrc raised, whcri'by the eobal^ which si‘paratcs out iirst is 
precipitated as black liyflrat(‘d oxided The niek(‘l syliition is drain^l 
(iff, the niek* l precipitatid with milk of lime, and R‘(iiieed^vit h eliareoal 
to the metal, 'flie (»xide of e(»hall is iVecpiemK not redneedi but placed 
after washing' and iLrnitinw direct on the market as oxide. 

II. Helinini^ 

As has already been menti<»ned. niekil cannot, like eoj>])er, bo 
obtained fr(jin its snlpliitli* by nua'e oxidation ol malic, siiua* nickel 
sulphide and oxide do nol ijjteraet to yield tlu* free metal. S(*veral 
jrjRvsses h:iv(‘ therefon* been 'nv<*nled with this ohjeel in view, the 
old('>t (if which is known as :a 

(t) The Orford Process.- This consists in iK'nlim^ 15(‘ssi‘nfrr 
matle with sodium sulphate and coal in a cupola furnace and t^ippinj^ 
th(' prediiet into ]/ots. The })rodnel separates into two layers, the 
jow('r and de!>ser (‘on-MstiuLf maijdy of nickel snlphidi' wilh s!naller 
(pianlilies of the sulphides of copper (and iron)# 'fliis layer is known 
• as hdffitiiis. The U))per layer or is mor(<.> re.adily fusible, and is 
(‘omposi'd ot (loid)ie sulphides of eopp<‘r .and sodium (and of iron and 
sodium), thi en(»lin<r. tlu‘ layia’s broki'u aparl. The* pr()eess is 
repealed four or livi* tim«‘s in order to obtain a pure bottoms, which is 
then roasted to nickel oxide and reduced to the free melal with charcoal, 
'riiis is effected by mixing tlu‘ powde»’ed oxide with lloiir (or .molasses, 
sMLiar, etc.) and water to a paste, cutt.nj^ into small cubes and luaitinj^ 
in lin'clay ‘ ibes. with about 2.5 ])(‘r cent, of their wei^lil of ehareoal, at 
alxait 12(lu (’. a temperaturt' that is below the melt i m»- point; of 

nickel. 'I'he resultinij cubes of nietallie* nickel an* then polislud in a 
drum. *’ • 

In , Vmeriea a liii^lier temperatun* is used, and the nickel is produced 
in the litpiid stale in eruen)les in^a iniiine-fnrnace, and east into small 
rods, 'rile metal obtained in tliis way may contain US percent. np\vards 
of nickel, itN impurities consisting mainly of oxid<‘. iron, and carbon. 

The oriLfinal Hesseincr matte* usrtally contains small (piantitfes of 
"old, sihVr, platinum, i)alladium, iridium, ami rln>dium. Of these the 
first two “ follow ” the eop|^*r and an* sold in blister eop|)<*i* to refiners. 
The last four metals. li imely, those of the platinum ^u'oiip, f(41t)W*the 
nickel and are extracted. 

(2) The Mond Process*^ is based upon the fact thaT nickel readily 
combines with carbon monoxide at oO-SO" C. to [onn a volatile carbonyl 
compound of composition which deeomperscs at lii"her term 

* Patt'ia. J. pniLi, 18,50, 67 , 21. 

* tSoe ( hitario Itraort, ojm* cil. ; Ulko, Mining ,/., 1H07, Jan. JO, p. 1 Kt : July 3, 

p. 8. • ‘ ^ • 

e. » Mond, J. Sor. rhtm. hid., 1805, 14, 045 ; Hoberft-AuKf en, Min. Vnc. Inst, C.h\y 

135, 29. 
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:j)erayirfs into iiurfiillic iiickrl atul carbon monoxide. Bessemer matl<j 
fi‘uin tlK' Siiilf)Jiry (Ontario) or*s is.sliipped to Swansea (Wales), and 
nickd ( xliachd jtifrefmin by tlie Mond process at the (1\tlach works, 
The process is cniidiictcd in li\’c slaves, ^1:i^ich may be conveniently 
represented by means of afliaLjTam as follcTws : 


JU'.sM/'tjMT f Ito.-istin;' 
, — -id 

• iiK' I'ur- 

n.icc 

(I) 


( 5 ) (3) (.4) 

Iltvlnclion Production 

traction >\vitli water —> of r.'clo l ~ 

lis'ul lincTi in oiirljoinlin 

cxlraotora reducer V(»latili.sor 

I t. .1 t 

Solution Rt‘|flduo 

worked for 
oopper aid- 
))liato 

Final Kkmi ue 


(6) 

*I)e])osil ion 
- >of nickt I in 
decoin [)osei' 


CO 


P<‘-treat<'-d rcsidno 
worked for Pt, etc. 

The modus ojmrrtndi is as follows : ' 

(1) 'rh(‘ nailte is roaslt'd, whereby oxides of niekel and eo])per arc 
produced, and jis much sulphur eliminated as ])ossible. 

(2) The mass is now treat (‘d willi hot dilute (10 per cent.) sulphuric 
aei(l in lead-Jim'd exlrtictors whereby some 70 p(T cent, of tlie copper 
is diA;solv(‘(l,M)ut only 1 *2 per cent* of the nickel. The solution is 
(•taiccnl rated and worked for crystals of eoppta* suljihate, of which 
sonu' 20,000 tons arc anfmally produced at (’lydach. 

(.’i) 'the ius(dublc r(‘sidue containim' the niekel oxide is wash(*d, and, 
contains sonu* .50 to 00 per (’imt. ofniiekel. It is rc'duecd to the nielallie 
condilion hy water j^as or produc(T ^i\s rich in liydro^a-n ii\ vertical 
towers, 10 fyid. in height and maintaiiu-d at ,150’ (\, Hkj powdered 
nssiduc jijfVsin^ down tlu* tower, mcctin^f th(‘ asccndiiiLf icducini( eases. 

(1) ilu' reduced product is bow transferrecl to the rololili.ser, in 
which il is subji'cted io the action of carbon monoxide at* 50-S0'' 
volatile niekel earlx^wl heiny produced. Afjer jiassine down the 
volaliIis('r the residue returns to the mincer and hack to tlu‘ volatiliser. 
This*eyeh' is repeati'd for from seven (o tiftren days, lly this means 
about 70 p('r e(‘iit. of the niekel is (‘xtraeted,<the residue consist iutr of j 


Niekel . 
Copper ' . 

Iron 

rialiniim, etc. .’ 


,10 per cent. 
30 
5 

traces 


‘iThiij rosjdue is smelled with ^^ypsum andVcducinj; agents whereby a 
matter is produced resv'mblini» the orij^inal Bessenur matte. This is 
"ronMed," r(*duct'»l, and extracted with carhop monoxide aj^ain, and the 
residu(‘s, now' much poorc'rin fiickcl and copper but rieiierin the platinum 
metals, arc worked for’ the last named, the principal beinuf jdatimim 
and palladium, although iridium, rhodium, and even goUl and silver, 
arc ])rcs<'nt. ^ , 

(5) Finally the nickel carbonyl parses to the decomposer, w'.bich is 
filled with nickel shot at 200^ C. The carbonyl decomposes, de}K)!;itin|[^ 
mckcl on the shot, which is kept nioviu" to prevent its epheriuj^^ 



oae solid^ass. The deposit coot 4 ains 00-S per eor^, of nickel.^ ^ 
carbon monoxide* li]>enited passes. back to the \ olaliliser. < 

By tliis*nieans ai)Ou! r>()(H) tons of nickel .ire ’»niually j)roeIiiccd t 
Clydaeh. 

(•i) Electrolytic Proceffkes.- From #*oinincre‘al point of vie' 
electrolytic process(‘s have not |)roved e.s snce’cssrnU.'is had Ix'cn antic 
pnted, all honVli Jaborat*)ry expc'riments ir.dicau' I hat tlyy inij^ht h 
einjdoycfl atlvantaijeoii :!y both f(»r (‘Xlraedim^ nickel froin coiya'ulrate 
matte, and for n'linin^' tnelallic nic(|('l conlaininij piasions aietali 
Klectrolytie retininjr ornickcl is carried oiil in Aieeric.a. the proefne 
bein" very pure and lon<;h. Plates of it can b'* ()imchf ^ nv hamincrci 
without cra(‘kinL;. • ,• 

Several processes have been tried, and the followinir rank ainon^s 
the most suecessful of them : 

'Fhe Hybinette Process ^ consists in roast inir copper-nickel matte t 
convert tlie metals into oxides, and leachinf^^ with 10 per cent, sii.lphuri 
acid. The eop|)cr is thus mostly dissolved out with but littli* nickel 
A further (piantity of copper is removed by lu'atiu!,^ the n siduc will 
sulphuric acid tf> a temperature* at which tla* sulphates b(‘<*onv 
anhydrous, and airain h'aehiy^ with dilute sulj>hurie acid. After ioasiin| 
with hydr(»chlorie acid and aj'ain lea.chin<j[, the nsidiie is smell c([<|< 
mjitallic anodes and pure niek(‘l obtained by ( Icctrolysinir. 

Th(‘ Savelsberg-Wannschaff Procers ' (‘onsists in Iri'atiil^ will 
chlorine an intimate mislure of nickel matte [ind watd’ or calciun 
chloride solution. The matte cmpl<»yed cont.'pns some o.') to eO ])e 
cent, (jf nickel and some iron, but is. commercially sjaakiiUf, free* Iron 
copper. Th(' solulie.u thus obtained contains iron and nickel in tin 
form ol’ their chlorides. Sulphuric acid ])rodne(al by the oxidation o 
the sulj)hur is thrown out as insoffible ealriiim sulphali*. 'J'lu' rMpiii 
is filtered free* from suspended matters, hi’afed to about h.5' (’., am 
fresh powdered on* is fidd(*d A blast of air is now h’ nvn Ihrouj^di 
wlicrt'by the iron is oxidised and, pnaipitatefl ;is insoluble ferrii 
hydroxide. The clear solution containimr niclo j (Tilorirle is srpaiatri 
by liltratiou and electrolysed between ^n*aj)hit(‘^m()des and sheet nn*ta 
eathodi's. at a cathodi(»current density (*f 1-0 to l-fJampi'res persepdem, 
and with a potential differenci^of from lO to I-,; \<>lts. 

d'he deposited metal contains some ))er cent, of nickel (;md col)alt 
•if oriJVinally present) aIK^only the merest traces of iron, copper, silica 
etc. It is compact, thoupdi sorirt-what blisti n'd on account of hydni^rer 
l)ubbles ndheriufy to the cathode and beconiinf^^ coajed with na tal, 
Browne’s Process,*^ whicli is nuidc use of }>y the ( anadi.in Moppet 
Company, consists in dcsulphiirisinf; copper-nickel iron malli*, wherebj 
a product, containing 54 per ct'nt. of cop])c*. ami 1.*? per cent, of nickel; 
together witii small nuanrttics of irmi ami sulphur, n sult s.^,JI^lf ol 
this is cast into anodes and the r(*main(l(T is treated with cJilorine in 
brine, •wherc])y the rnetaLs arc obtained in solution a« chlorides.* On 
electrolysing, copper is deposited on to cathodes of the <am(* mctii) 
until the proportion of copper to nickel is rcdm’ed to 1 in so. Addition 

* a.S. I'akni >^iv, 28, 190.Tr frnnh '{riO.fXiO. .\ov. 21, 1905. jjfjd 

477 ,54(j. Ftrl). 6, 1915. Sfo^App'iulictt.*? It amt III of The Xukil^ Ivflu^itnj, Polcrnaiii 
,Ciina|/ian Dept. Mirier, Wtta^va, l.'n3. 

;v , * '*^'*■0 'Afitsrh, Klrktntrhr.rn,^ 10, 821. 



IrroKEfrAS!)' um- w«uii.r; 

;5f Sodium sulpliidf prccipitatcsHhe remaining copper as sulphide, tfeCf 
Wn separates as ins()]iil)]e fciyic Itydroxide, and a lar^^e proportion 
of the sodium (!]il^'rid(‘* is erys’lallis(‘d out on eoneentraHon of the 
liquors. 

The resulting solid ion ^ of nickel ehlf>ride is eleetrolysed with 
graphite anodes and nickel strip cathodes, and yields a very pure 
metal. 1 * 

In preparing a speeinien of pure nickel for atomic weight *()urposes 

.^inkier ^employed the followiijg solution: 

# • 

200 c.e. niekf*l .sijlphale solution containing 02‘S4 grams of nickel^ 
per IdKe. 

.30 grams ammonium sulphate. 

50 grams ammonium hydroxide of specific gravity 0*905. 

250 c.c. water. 

Best results were obtained with a polished nickel cathode employing 
a current density of 0*5 amperes. On reacliing a certain thickness the 
deposit of nickel peeled spontaneously from off the cathode, separating 
as white, shining rolls or leaflets in a higjii state of purity. Heating in 
hydrogen effected but a minute loss in weight, indieating the presence 
bf cmly traces of oxide (compare cobalt). 

Properties. Nickel is a white metal, considerably duller than 
cobalt. *’It cryslallises according to the regular system.'^ Its density 
has been variwuisly given as 8*279 at 15*5"’ C. (Bottone),'^ 7*5185 at 20"'’ C. 
(Winkler), aiul 8*8 at 1^5'' C. (Co{)aux).‘^ This variation is due partly 
to the employment of an im])ure metal and |)artly to the fact that the 
density varies jippreeiabl)' according to the mechanical treat ment to 
^which it has been subjected, the densdy rising on rolling, hammering, 
‘etc. This is well illustrated by tne following data,’ which refer to 
sarnjflcs of pure nickel wire. The densities have been calculated for a 

vacuum at : 

• * 

(1) Nickel wire* cold drawn .... 8*7599 

Same wire ami^ alcd ..... 8*8 t,3f» 

(2) Nickel wire, t^visted . . • . • • • ^^827,3 

Same wire annealed . * . . , . 8*8412 

The figure given by Copaux may be taken as a fair mean for the iplled 
metal, and S*,3 for the cast. The hardness of nickel is .3-5 on Mohs’* 
scale (Copaux), equivalent to about ho on the Brinell scale.** The 
pensile strength is a^)out 42* 4 tons per square inch for wrought, annealed 
nickel.* Cast nickel can be rolled iiilo sheets of thickness 0*0008 inch, 
and drawn into wire of diUmetcr 0*0004 inch. It is thus excel-dingly 
malleable and ductile. 

' 8ee ZeiUch. Elflirorhem., 1915, 21, 6. 

* Winkler, Zeitsch. anorq. Chem., 1805, 8, 1. • 

* Rose, Fogg. An)mlen, 1859, 107, 448. 

* Bottono, Chem. .Ve?/w, 1873, 27, 215. 

* Winkler, Zeitsch. amrg. diem., 1805, 8, I. 

* Copaux, Comyt. rend., 1005, 140, 057; Aifn. (fldm. Fhys., 1005, [viii], 6, 508. 

^ Kahlbaum and Sturm, Zeitsch. anorg. Cheni., 1005, 46, 217. See Srhlett, Ann. 
tfhysik, 1008, fiv], 26, 201. 

; * See this voluniov Part II. 

' • Guillet has stiulied the relation between annealing anu tensile strength. J.lnal, 
Mdah, 1013, I, 220; Revue MMluraie. 101.3. lo. fifiS. 
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The ^eltiiifT-point of nickel has rrcqiicntly bqpn dctcrmingcir tl)®'; 
most rchablo resulis ])oin^ ns follow :© 

• ft 

Authority. ’Mcltin^i-point. 

Ruff, Borinann, Jiiul Kcilin; ^ . . 1 

Burgess aful Waltonberg - , f . ' M.r)2 + .‘i" C. 

Day and Sosnian •** . , i. . 1 i.5‘2*.‘V' C. 

Ilolbofri and Wicu"* .... I bS 

Copaux-'^ 1470" C. • 

• * 

The first-named temperature, nanu'ly. 1452° Ci, is adopted by the^ 
U.S. Bureau of Standards. * 

Nickel readily diss^dves nickel monoxide, the rrcczin^^-])oint being 
thereby depressed ® and the metal becoming brittle. This brittleness 
is removed on addition of a small quantity of ina^niesium to the molten 
nickel. It distils in the electric furnace more readily than cobalt,’ and 
boils at 2340° C. under 30 mm. pressure.® At white heat nickel can 
be welded with itself, with iron, or with various alloys. 

The coefficient of linear expansion of pure niekel between 0° and 
^3()0° C. is given by the expression : 

a (1280* I- 0-75f 0-0035/2) X 10“®. 

Above 300° C. this formula does not .Mgrce with ('xperiment,® and 
when th(‘ l(‘m])erature reaches 305 ’ to 370" C. there is a sudden change 
in the eoelliei(‘nt of expansion.^ This change is of the srune magnitude 
whe-ther the niekel is heated from a lower tenq)eraturc or cool ot I from a 
higher one to this point. No pi^nam-nt /-Jongation of the niekel is,^ 
observed after lu'atiiig, and successive heatings and coolings fail to 
modify the effect in tlic h^ist. litwoidd ajipear, therefore, that these 
changes are due to some polymorphic alteration in the metal itself, and^ 
the results arc interesting in view of the different transition tempera*, 
lures observed when pure iron is heated or cooled tlirougli a considerable 
rang(‘, as detailed in Part II of tl:?s volume. Al^o the cooling curve 
of nickij indicates the existence of a slight break on the difference 
curve at 3(i0° 

A further point oT interest lies in the fact tRat niekel is magnetic at 
ordinary temperatures, but n^t above 300° C. Tin* transition tijjupera- 
lurg lies between 340" and 300° Ck The lieat of transformation from 
the one polymor|)K intcT the other is 0-013 calorii' jier gram.'^ 

The coctVicient of linear expansion with rise of temperature'*- of 
the coiiuuercial metal is approximately 12-52 X 10 

* Ruff, Bormann and Koitisr, ZnUrh. ftnorq. Chm., 1914. 88, .‘>(>5. 

* Bn rgoaa and Walton berg. J. Washinqkm Amd. Sri., I Dili, 3, 871. 

® Day and Sosrnan (dwjor. J. Sri., 11)10, fiv]. 29, 08) u.sing the constant voluirif^ 
nitrogen thermometer sonle. xhi.s is pmbably tike moat aeenrate result 

< Kolborn and ')^^ien, Ann. Phy/t. Chrm., 1800, 56, 800. 

® Copaux, loc. cH. • 

* lluer and Kaneko, MeMurgky 1012, 9, 419. 

’ Moissan, Comjit. rrnd., 1900, 142, 425. 

® Ruff and normaiin, Zciturh, anorg. Chrm., 1914, 88, 886. 

® E. P. Harrisoif, Phil. 4lf«j7.,*I90‘R 7, fvi], 020 ; Tutton {Chem. Neirs, 1809, 79, 
gives tho formula a ~ 0 00001248 -|- 0 000000148/ between 0“ and 121' C. 

Baikow, Ini. ZritschfMcUilhtg.^ Jbl4, 6, 115. 

''•Werner, ZeiUrh. anorg. Chem., 1918, 83, 275. (luertler and Tammann {ZeitS(*M^f[. 
anorg. Chem., 1907, 52, 25 j 1904, 42, 858) give 820"^. 

'* Guillaume, Compt. rend., 1912, 154* 7TS. 



iThe speoific licM of nickel 'Varies with its previous mfehanicaJ 
iAabuent, and is usually taken# as 0*1 08 for ordinary temperatures,^ 
lhat is, between 20 # and 100° C, Selimilz^ ^ives the value 0100 1* 
between the same temperatures. ^ 

Its true speeihe heat ])etvieen 0° and 800*" C. is j^iN cn by the expres- 
sion ^ \ 

Speeltie'heat V. 0-10280 + 0-000,001.1/5 
The mest intense lines in the spectrum of nickel are as follow^ : 

■-^Arc: .•{oriOO'Z .•n3l-22. li.m'MO, Stl t f)!. 3446 tO, 3458-60. 
3401-80, 3493'P, 3515-21, .3524-68, 3560-51, .3010-52, 3858-51. 
50.35-5,2,* 5146-61, 5477-12, .5858-00, 008/i-53, 0116-35, 6175-09, 
- 6177-00, 6.3.39-40. ' 

Spark: 2394-68, 24,10-21, 24.37-98, 2511-00, 3414-91, .3458 02, 
.3401 -.84, 3493-13, 3510-52, 3515-21, 3524-09, 3500-55, .3619-.5-4, 
5477-10. 

‘ Nickel, like iron, readily absorbs Jiydro^en, the extent of occlusion 
being independent of the superficial area of the metal. It is thus a 
cas(‘ of solution, and the hydrogen ipay be regarded as behaving, 
.ike a metal and yielding an alloy. At f^onstant temperature the 
;dluljility of the gas both in .solid and in licpiid nickel is proportional to 
:he S({uare root of the pressure.® The general conditions under which 
fiich occlusion takes place closely resemble those already detailed for 
iobalt.® The inolten rnctal “ spits ” on solidifying in an atmos])hcre 
)f hydrajon, some twelve times its volume ol* gas jjcing evol ved. Carbon 
nonoxide is also absorbed by the molten metal, and is largely liberated 
m cooling, yielding castings with blowholes. The disintegration of 
rickel wire when used as a rcsistanq^ in electric-furnace work is altri- 
)utablc to absorption of gases. When molten, the metal readily 
ibsorbs carbon, its melting-point being thereby lowered, and a carbide, 
^igC, the analogue of cementite, FcyC-, being formed.® 

Like iroii and cobalt, nickel Qxhibits passivity,® being rendered 
;fassive in a variety of ways, such as by immersion in concentrated 
^kric acid, or by making' it the anode in various solutions.^® 

■ This suggests that the passivity is due to a layer of oxide forming 
ill the ^surface of the metal and j)rotecting the underlying portions 
rohi attack. Such, very possibly, is one explanation, but a[)parently 
fe docs not account for all eases of nickel pa.^si\'ity. Thus Schmidt 
\nd Itathert^^ have passivilied nickel b5'^ friction in an atrno.sphere of 
^ ^ Co|)au.\,,,/or. cit. 

.• * Schm^l?, ProS. Hoy. xS’or., 190.*?, 72 , 177. , 

8 chl(^tt, Ann. Physik, 1908, (iv], 26 , 201. 

E.KUcr and Haschek, THe Syeklre'.^ tier Kkmcnle bei normalem Druck (Leipzig and 
Ren, 1911). 

»Sieycrtr»,g;nd Hagonaoker, Bar., 1909, 42 , .338; M. Mayer and Altmayer, Ber., 190ji, 
j|^- 3062 ; SioVerks and Krumbliaar, Btr.y 1910, 43 , 893; Sievorts, Zeitsch. physikal. 
1^., ton, 77 , 591 ; J907, 60 , 129. c 

8 ee p. 28 ; Baxter, Atner. Chain . ./., 1899, 22 , .351. 

& Carpenter, British Association Rtpork, 1006 ; Collected ResearcheSy National Physical 
'mratory, 1908, III, 259. 

L. ® Ruff and W. Martin, Me.tallurgie, 1912, 9 , 143"; Ruff, Ber., 1912^j 45 , 3139 . Bruner 

M. Songlot, J. Chim. phys., 101.3, 13 , 351. ^ 

• Niclde.s, Compt. rend., 18.53, 37 , 284 ; Pogg. Annalen, 1853, 90 , 351. ^ 

ii Muller and Spitzel , Zeitsch. anorg. Chem.y 1906, 50 , .321 , Grube, Zeitsch. ElehiO' 
Ipt.; 1912, 18 , 189. " 

Schmidt and Rathcrt, Trans. Faraday 8oc.y 1914, 9 , 257 



rogejii unclcr conditions in which jio oxldafion^ould occur.^ 
suggest, therefore, tiial the hydrogeiv^’atalysis theory a])plic.s to iiicltel; 
according* to which ji. metal is nornlally passivt^, but becomes actm 
under the inlluence of a catalyst which is presuniett to be hydrogen oi 
hydrogen ions. ^ 

Two olh(*r theories of passivity have be(m sugge^ited by Reichcnstcin,? 
namely, thaf in»soine eases the passivity ‘s dui? to a hi gh^ concent ration^ 
of ads(ti'bcd molecular oxygen, whilst in ollurs it is due t^) adsorbed 
atomic oxygen. As in the ease of iroii, howcN'cr, it seems im|)robah|tjjl^ 
that any one thef)ry ^t'ill account for all the kno\gi cases of ])assiVity.:j| 
It may well be that in certain cases each of ilti^ abovi; named theorics.^^; 
holds, and that under the general term of passivity wcVai dealing wittif 
a variety of diffcrcait plienomena.^ 

Nickel dissolves readily in dilute nitric acid and in aqua, regia, 
When brought into contact with fuming nitric; acid it may be attaekedc:> 
vigorously, it may become passive, or it may yield a grey magnctic'^i 
pow'dcr.''^ 

Sea-water, dilute hydrochloric or sulphuric acid has wry Httle^^ 
action on nickel.^ At the temperature of the water-bath, dilutb} 
sulphuric acid containing^ GJi per cent, of aeid exerts the maximum;^ 
action on nickel.^ The resistance of the nickel is grcally enhanci^lC^ 
by alloying with tungsten, the optimum percentage being fs 
tungsten. • ^ 

Dilute sulj)huric acid to which hydrogen peroxide has been addei^S 
attacks nickel, but a mixture* of peroxide with glacial acetic^acid 
without action.^* Potassium hydroxide, even when fused, has no actioiHi 
on nickel, but when fused with caustic soda tlfe nickel is ra])idly oxidis(;d,^| 
\Vhcn heated in the form of wire in oxygen it burns like iron, whilst-!!^ 
nickel i)owder prej)arcd by redu^fion with hydrogen below ‘270'’ C. 
pyrophoric.® At red heat nickel slowly de composes steam. 

When finely divided nickel, obtained by reduction of tin* hydroxidOjI 
with hvdrogcn, is heated in nitric oxide, nitrogen and nickel oxide 
produn'd.o " “ “ ■ ■§ 

Nickel as a Catalyst. —A mixture of nitn’ic oxide and hydroge^l 
passed over iTcluccd nickel yields lyumonia.* The reaction, which is5| 
nearly quantitative, begins GOO'’ C., but when once it has st*t in th^ 
tcmjicrature may be lowered to 120'’ C. Nitric oxide alone, howevc#^ 
on being passed over rwluced nickel does not yield any nil ride, nitrit^^l 
or nitrate.^® When'sulphur dioxide and hydrogen aic passed ov(;r nick||| 
at dull red heat, hydrogen sulphide is formed, and hydrogen^ phosplii^^^ 
results when hydrogen is passed pver a mixture oT reduced Nikkei 
^ ftcichenstein, Zcitsch. EleHrochcni 1015, 2i, 

- Por further details soo Hittorf, Zcil^ch. phifiiknl. Chem., 1900, 34, 385 ; Levi, 
zdta, 1905, 35, [i], 391: Frcaienhagen, ZcHsch. pin/sikal, Chan., lOOS, 63, 1 ; By 
J. Amer, Chem, Soc., 1*08, 30, 1718; Schoch, /h//cr. Ohem, J., 1909, 4Ti|*23j^; By! 
and A. V. Morgan,^. Amer. Ghem^Soc,, 1911, 33, 1757. 

^dlollis, Prve. Cautb. Phi^ ^S^oc., 1904, 12, 253. 

* .lorisseii, Engineer inj, 1914, j). 612; A. J. Hale and 14. o. rosier j. i^uc, vtnemWi 
hid., 1915, 34, 404. 

® Jnimnn, MduU md Erz, liil5, 358. 

* Salkowski, Chan. Zeit., 19 IG, 40, 448. 

’ Dittniar, J. Soc. Chqfn. hid., 188*, 3, 103. 

*,Ipatioff, J, prakt. Chem., 1908, *77, 013. ^ ::asa 

. •• Sabatier and Scndcreiis, Cefinpt. rerul., 1892, ii^ 1429 ; Felgale, Chem. Neu's^ 

>08,. 178. 

4® Neoffi and Adhicdry. Zeiisch, an^g, Chem., 1910, 69, 209. 
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jjAosptjorus ])(*nt(x\rle at dull red lieai;.^ Nitro^^cn, entirely free frorrt 
?arfy oxides, does not combine wRh hydrogen direct, on pasliage over 
;^rcdueed nickel. j ^ ^ 

^ Reduced nickel decomposes acetylene with incaiKk‘scencc, carbon 
and volatile hydrocarbons r^sulting.^ It also catalyiically assists the 
reduction of cthylc ic by hydrogen to ethane ; of nitroben/(‘ne to 
aniline of ab])iiatic aldchydtjs and ketones to tire corresjionding 
alcohols ; „of carbon monoxide and dioxide to methane ; and many 
other reactions of a like nature.^^ The method is simple, consisting of 
the "jiassagc of hyibweii and the reducible substance in tlic form of 
; vapour througlv a cofuinn of reduced nickel maintained at a suitable 
temperature, 'that of 1S()° C. being recomnvended. The nickel is 
preferably jireparcd by reduction witli hydrogen in the reaction tube 
itself, the metal obtained^by reduction of the green hydroxide below 
,300° V. being exceedingly active'. Tlie halogens and sul])hur poison or 
destroy tbe activity of nickel, and for this reason it is better to ])rej3are 
the hydroxide by precijiitation tVoni a solution of nickel nitrate than 
from the chloride or other halogi'ii salt. Nicktl reduced at higher 
t<mi))eratnres than 300° C. is less active, \yhilst if reduced at bright ryc^ 
heat it is practically inert. The liydrogen psed in the reduction need 
itbt be dri('d, l)ut must be carerully fri'ed f*'om all traces of hydrogen 
sulphide, phosphide, arsenide, and chloride. This may bo efh'ctcd by 
passage dver copper turnings at dull red heat, and then over moist 
■ potassium hydroxide.'^ 

When required for thy r(;duetion of many sul)stauces it is frecjnently 
.convenient to prepare the reduced nickel by reduction of tlie carbonate 
previously scattered over" the surface of a suitable material such as 
infusorial cart h or animal charcoal,*'' 

Nickel reduced from the carbonale at 450 ‘ C. has no action uj)on a 
"mixture of hydrogen and oxygc'u at. ordinary tcm[)craturcs, but if 
.distributed over nine times its weight of inert substance it equals 
.colloidal jialiadium in activity, It^is still more active towards organic 
compounds if reduced at a lower temperature, such as 310° C.®,, 

, ' The oxides of nitrog(-li, N.4), NO, and NO.^, are readily reduet d by 
^hydrogen in the ])reseii'Ce of reduced nickel as cratalyst, yielding free 
rpitrogen and ammonia. For example : .. 

2N0 I 2IL + 

2N() 4 5lljj = 2NII, 4- 2ll20. 

Both of these j;;cactions occur simultaneously, but the relative 
^proportions of each vary according to circumstances. For example, 
condition of the catalyst plpys an im])ortant jKirt, and two diiferent 
^(preparations will not necessarily yield identical resrdts. Also there is 
S^n optuuHni concentration of hydrogen yielding tile highest proportidn 
fef ammonia, whilst the ternpcralurc of the reaction and the velocity of 

* Neogi and Adhicary, loc. cil. 
ffr * Moissan and Mourcii, Bull. ISoc. chim., 180(5, 15 , 1200. 

® Sco van Bercstevn, Jiull. Soc. rltim. Bclg., 1011, 35 , 203 ; Bretcan, Bull. Soc. chim.f 
618 ; MaiDic and tie Oodon, Bull. Soc. chim.^ 1010, 19 , 449 ; Jurgens and Meigen, 

Soc. Chan, hid., 1917, 36 , 057, from (Jhan. Vmschau, lOlty 23 , 99, 110. 

® * 3ee Sabatier and Scndcrens, Ann. Chim. Physt, 1005, 4 , .319 ; 1009, 16 , 70 ; Sabatier, 

vBer.. 191 1, 44 , 1984 ; J.Soc. Cham. Ind., 1914, 33 , 733 , Crosbloy, ibid., 1914, 33 , 1135. 
fe* Kelbcr, B(T., 1916, 49 , 65. 

Ilfv * Cobalt acts ia an analogous manner, but less vigorously. 



^il’culatioi^ oi' the gaseous mixture like^tlse exert an n^iportant inflyence. ■ 
The most Miitable teinpercilure ran^c nippcars to be to ‘500® 

I5eIow this f-aiigc the rcduelion takes jflaec; slowly, ovijilst, above it, the 
nickel loses Its activity afid llic ammonia is a|)prcciably dissociated ' 
into its constituent elements. 

The best results are obtained with nitric oxide, (.4’ whieli 70 per cent, 
may, under Tav^iirablc conditions, be ^ranslBrnu'd into aminonia 
whilst o?dy ‘25 to ,‘59 per cent, of nitrogen [)eroxide and 3,to 7 per 
cent, of nil rolls oxide yield ammonia.^ ^ 

Finely divided nickel is also used commereial!^^ in the catalytic 
•hardening of unsaturated fats and oils sueh as liir^eed oil and cottonseed 
oil. This is accomplished by reducing or hydrogenating them by the 
simple ))roeess of suspencling the ni'dal in the oils at about 250"’ F. and 
bubbling hydrogen tlirough the mixture. The metal assists the oil to 
unite with the hydrogen, yielding an oil or fat ii which all the carbon 
atoms arc saturated.- The catalyst is exirianely sensitive to small 
quantiti(*s of air, as well as to traces of ehlorliu* and suljdmr compounds, 
which latter may result from the decom))osition of nitrogenous material 
gxmerally present in oils. 15'*dford and Frdmann ^ recommend the uifl 
ol' oxides of nickel as catalvjjts^in jdacc of the metal itsi lf on the ground 
that the oxides are less sensitive to gases containing oxygen and sulphui^ 
derivatives, and that they enable hydrogenation to [irocced more 
rajjidly. All the oxides of nickel appear capabh' of acting in this 
manner, ANith the dioxide and monoxide a temperature; ot 250’ F. is 
requirc'd, but ISO® to 200® F. suffices for the suboxidc. 

There is a contliet of opinion as to the manner in which the reaction 
takes ])lacc. Many investigators^ favom* thcAiew that the oxides only 
beha\(‘ catalytically when they contain a certain amount of free/ 
unoxidised iiK'lal, which suggests ffiat it '1s the element it sell and not 
the oxides which iiehavc catjdytically. lli'dford and Frdmann,'^ on the 
other hand, l>elicve that no reduction to metallic niekf'l takes ])lace 
during hydrogc'uatioii, and that when the higher oxides are uscil they, 
become partially reduced to the suboxide, whidi forms a colloidal 
sus])(‘nsu)n in the oil. 

Organic salts of nickel do not theiysclves act catalytically, but are 
reduced by^ hydrogen when suspended in the heated oils, yielding nickel 
in various stages of oxidation, and these ]m>ducts eJ'l'cct the hydrogena-, 
tion.* Thus nickel forimte is reduced by hydrogtm at 210® F. in the 
presence of the oil to nickel •suboxidc, whilst at 250® F. complete 
reduction to the metal is effected. ^ 

Physiological Action of Nickel, In minute (luanlities nicUel salts 
do notf appear to be toxic, and tlieri; api)cxu\s to be no danger iii the 
use of nickel utensils for cooking foods. 

Cuyo iind Schm-idur, J. Chan, Soc.y 191S, 114 , [ii], 310, from IIc^*^lic<* Gkinu 
.'Irm, tuts, I, 33. , .... 

‘ iSabatior and iSender»ins, Ann. Chim. Phys., 1U04, [viii]# 4 , 319 ; Bcr.{ 1911^; 
44 , 1984. ^ 

3 Bedford and Erdmann, J, pntU. ('hem., 1913, 87 , 42r). 

* Norman and Pyngs, Chem. 39 , 29, 41 ; Bor-sliard and Fi.schli, Zeitschi/ 

anyfjv. Chan., 1915, 28 , 1565 ; Meigon and Bark’ls, J. pnikt. Chau., 1 911, 89 , 290 ; Meigejt/ 
ibid., 1910, 92 , 390; Nonmnii, (Jhan. Zeit., 1910, 40 , 757, 381 ; tjahsiidirzcit., 1916*' 
42 , 4(^ abstracted in J. Soc. Chan. Ind., 1915, 34 , 722. ^ 

• Bedford and Erdmann, loc. Hi : also biegmund^nd Suida, J. prakt. Chem., 1913, 

: 01, 442 ; Sabatier and Aboulenc, Bull. Bvc. chim., 1915, 17 , 14. 

’ • K. B. Lehmann. Arch, UuQiaie, Ji)09, 68, 421. 
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Colloidal Niciiel is produml wlien a solution of the (^irbonyI#iij 
henzoiK' is boiled. Carbon nu)noxide is evolved, and the resulting 
colloidal solution ^)f niekel is' violet-grey in colour.^ Kclbcr ^ Inis 
prepared eolloidiil niekel by subinilting a sc/ution of niekel formate and 
gelatin in glycerol at 200° t(^210° C. to the aetion of a si ream of hydrogen. 
A chestnut-brown /'olour is produced, the solution remaining unaltered 
in air. It mixes wiKi alcohol, but addition of watef, followed by 
ceiitriluging, effeels the deposition of the colloidal niekel ih a dark 
brown mass containing 2.^ to ilO per cent, of metal. This, on treat nient 
wi1v> dilute aeetiejieid, with afeohol or with glycerol yields a colloidal 
solution again. " n r 

The gela*in of the original solution may bc^ replaced by gum acacia, 
and the hydrogcai by such reducing agents as' formaldehyde, hydra/ine 
hydrat(', hydroxylamine„or hypophosphorous acid, lloth niekti acetate 
and Ireshiy r.reeipitatcd niekel hydroxide behave in an analogous 
manner to the formate. 

WIk'Ii metallic niek(*l is heated to iiieaiideseenee and ([uiekly plunged 
into distilled wat(‘r, the ])resenee of colloidal metallic and liydroxidc 
partieh's can be detcTted by ultra-microscopic examination.*'^ 

Colloidal nickelous hydroxide is rcdijeed to colloidal nicker Hy 
liydrogen in the presence of colloidal palladium as catalyst. The freshly 
precijiitated hydroxide may also be reduced in a similar manner. It is 
lulvantageous to add sodium protalbinate to the mixture before 
reduction in order to increase the stability of the hydrosols pro- 
duced.'* ' 

Pyrophoric NickeL---Nickel that has been reduced by hydrogen at 
tcmjieratures below 270° is a. black powder, pyro])liorie. upon exposure 
ko ordinary air. It does not, however, burn as brilliautly as iron < 
reduced at 440° C, If reduced at ^70° to 2<S0° C. it is oxidised by dry 
lir or oxygen only at 050° C. Moisture faeilitates the oxidation of 
[•cdueed niekgl, efl'eeting it at lower temperatures. Niekelous oxide is 
not oxidised either by dry or by moist air within the temperature 
interval 220° lo 180° CJ* 

Atomic Weight. — A^pirrojcimate Atomic Weight. That tlic alomie 
weight of niekel is approximately 5!), and not a. multiple or subniultijilc 
of this aunmut, is evident from various^ considerations ; 

(1; The sjieeific heat of niekel is 0-109. Assuming a mean atomic 
heat of 0*4, the atomic weight, according to Dulong and Petit’s Law, is. 
approximately 5<S-7. 

(2) The most appropriate position for nickel in the Periodic Table 
is, as explained iii Chajiter I, the end of the first horizontal scries of 

" triads in Group VIII. An atomic weight greater than that oh cobalt, 
'namelv, 58'97, but less than t'iiatof copper, namely, C3-57, is thus to be 
exiiected. „ 

(3) Tiie double salts of nickel siiljihatc and the avleali sulphates are 
..i^jomorphous witji the corresponding salts of, divalent iron and cobalt. 

By the application of Mitseherlieh’s Law, therefore, analogous formuhe 

' \Va. Ostwald, Kolluid 1914, 15 , 201. 

: ■ » Kclber, lirr., 1917, 80 , 1509. 

® Kimura, Meni. VoU. Sci: Eng., Kyoto Imp. Univ.,A913, 5 , 211, abstracted in 
■JySoc. dim. Ind., 1913, 32 , 1159. 

Pa.U, Her., 1914, 47 , 2202. For further particulars see p. 270. ^ 

“ • ® Ipatieff, J. prakt. Cheni., 1908, [ii], 77 , 613 ; Moissan, Ann. Cliim. Phys.. 1880, 
;^X,'242.- 
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ar^ to be anticipated, accordinj' to which the geiieri!^ formula fo« th^ 
salts is : 

:»LS0.,.NiS0,.<)H,0. 

Analyses of the eornpoiy^ds indicate U'at the ; tomic weight of 
nick(‘l is 5S (> 8 . 

Jiraci AUnhic Weight . — In 182(i Uotlioh,^ in a single exj)erinienl, 
found tluP ISS parts of ivekcl monoxide are equivalent to 7W’2j)arls of 
silver chloride ; whence - Ni '-■- riO-O'j 

In l.Sa 2 , Erdmann and Marchand,'’’ by reducing nickelous oxidv m 
Ijydrogcai, obtaiiK'd values for the atomic weight c!‘ nickel \ trying from 
68'2 to 68^6. In 1S5(J, in a single (‘xperiment, Deville arrived at a 
value oO-o for the atomic Svcight.'^ 

Most of the remaining determinations of the atomic weight of nickel 
have been made by chemists who have also studied the atomic weight 
of cobalt. Thus the cx])crimental methods ap|)lied to cobalt l)y 
Schneider. Marignac, Dumas, Russell, Winkler, Lee, and Zimmer- 
maiin, and already described in this volume (see pp. were also 

applied by the same workers to nickel. A few other of tlic earlier 
detemiinations remain to be mciitioned, namely, Sonmuiruga’s analyses 
of nickel ])otassium sulphate, Raubigny's and Sehutzenberger’s analyses 
of aidiydrous nickel sulphate, and Schiilzenbei'gcr’s, Kriiss and 
Sehmidt’s, and Mond, Langer, and Quincke’s analyses of nitkelous 
oxide. 

The results of these expcrimeiders are summarised in ilie tabE on 
page 98. 

The value at present accepted for the atoime weight of nickel rests 
upon Richards and Tushman’s analyses of anhydrous nickel bromide.'^ 
The compound was jU’epared by th(?*dircel union of its ek'inents and 
sublimed in a porcc'lain tube in a stream of hydrogen bromide and 
nitrogen. A trace of sodium bromide thus intnxlneed was duly deter- 
mined and allowed for in the (Calculations. Two ratios were ( .^tablished 
by analysing the conij)ound for bromine ac’cording to the usual methods, 
and a third nitio (established by reducing the bro..iidc in hydrogen and 
weighing the residual metal. The linal results were as follow : 

7 exiits. 2Ag : NiRr.^ : : lOO OOO : 10L27() Ni - 58 668 

7 ('X] ts. 2AgRr : NiRr. : : lOO OOO : 5S1740 Ni 58-665 

8 expts: NiRr. : Ni : : lOO OOO : 20-855 Ni 58-682 

The atomic weights given by the first two ratios should be increased 
by 0015, to allow for the prcsenct^.of the trace of sodium broTnidc 
present. ,The third ratio recpiiivs no such eoricction as the weights of 
the nickel bromide w('re corrected before computing the ratio. The 
corrected atomic weight vatues arc accordingly 58-683y 58-68(iy and 
58-682. 

^ Soc Ocrzolius, Pog>). Amuikn, 1826, 8 , 184. 

^ All tho Htojiiic weight values in this section have been recalculated, using the fol- 
lowing antecedent data: 0 - 16000, H = 1-00762, C = 12-003, N = 14-008, Cl 
35-457, Br 79-916, 1 a 126-92, Agk_ 1(J7-8S0, 8 = 32-065, Au = 197-2, K = 39-100, 
Ba == 137-37. , 

® Krdi/iann and Marehand, './. pmkt. Chan., 1852, 55 , 202. 

* Devifle, Ann. Chim. Phifs., 185(K [iiij, 46 , 182. * 

® Richards and (-ushtnan, Proc. Amer. Acad., 1897, 3 !, 95; 1899, 34 , 327 ; also in 
ffhem. News, 1897, 76 , 284, 293, 307 ; 18^, 79 , 163, 174, 185. 
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C , 


f- 

Date. 

KxpcriireiUer. 

No. of 
Kxpts. 

0 

Ratio measured. 

^ p 

Atomic 

weigfit 

of 

nickel. 

1857 

Schneider * , 

' 6 

Ni:2(;0.^:: 100 000: 151, died . 

58-019 

1858 

Mariguac* . ' . 

2 

NiSD, : NiO :: RKH)()0 : 48-287 . 

i>8-761 



.3 

2Au : NiCl, : : 100000 : 60-.3!) . 

58-842 

,'«()() 

Dumas 3 

5 

2Ag : NiDlj :: lOO OOO: 60-19!) . 

.58-97 1 

1S6'3 

Russell ^ . 

13 

NiO ; Ni : : 100-000 : 7S-.5!)3 

58-742 

1866 

Som mil ruga . ' 

? 

6 

2BaSO, : K^NKSOJ.,.!)! LO : : 100 000 
: 93-6505 

58-801' 

1867 

Winklei® 

4 

2Au : 3Ni :: RH'-OOO : 45-209 . 

59-435 

1869 

Russell ’ 

14 

Ni : II, :: 100-000 : 3-4211 . 

58-906 

1871 

Leo ® 

0 

(C,3ll,aN,0,)otf8Ni,{(JN)i2. 1011,0 : 3Ni 
: 100-000 : 5-7295 

.58-025 

» 

. ■ 

6 

(C!,i1L..N..(),)eH6Ni3(CN)i2.8ll20 : 3Ni 
; : 100-000 : 6-595 

58-083 

1883 

Baubigny® . 

2 

NiSOj . NiO : : 100-000 : 48-280 . 

58-740 

1886 

Zimmenuann 

11 

NiO : Ni :: 100-000 : 78-582 

58-701 

1892 

Miind, Lariger, and 
Quincke 

3 

NiO : Ni : : 100-000 ; 78-545 

58-575 

1892 

Sebiitzenberger ‘2 . 

2 

NiSO., : Nht: : 100-000 : 48-257 . 

58’671 


2 

NiO : Ni :: 100-000 : 78-531 

58-536 

1892 

Kriiss and Schmidt 

24 

NiO : Ni : : lOO-OOO : 78-444 (redimiion) 

58-225 


23 

NiO : Ni : : J 00-000 : 78-5,57 ((oxidation) 

5S-6II; 

1893 

Winljer” . 

6 

2AgCl : Ni ; : 100-000 : 20-5!)0 , 

59-026 

6 

2Ag : Ni : : 100-000 : 27-359 

59-030 

1894 

Winkler . * . 

8 

GrNi:: 100-000:23-255 . 

59-031 


Ik'iRT, the atomic weight nickel is Ni - 58*68, which v;ilue is 
acloi)ted by the Intcrnatioiial Committee in their 'rablc of Atomic 
Wcijrhts for 1021. 

By afcdptin^ tliis figure for the atomic weight, of nickel we arc at 
once confronted .with a ditlieuUy in so far as the Periodic Table is 
concerned. 

t'obali, in its properties, is an (.v:cellent intermediary l)etween iron 
and nickel, and, moreover, it* is clearly a suita^)lc element to constitute 
the first of the central vertical triads' of Group VIII, namely, Co, Bh, 
and Ir. lienee, if the Periodic Law holds absolutely, the atomic wi'ight 
of cobalt should exceed that of iron, but hot that ot niek('l. hither, 
therefore, the atomic weight of cobalt is slightly too high or that of 
nickel' is slightly too low. 

‘ Sclmuidcr, Poy^. Anuakfif 1857, loi, ?tHl. 

^ ''larignao, Arch. Sc., phtj.-f. nat., 1858, i, !{72. 

)uma?, Annakn, 1860, II3, 25. 

vu.sscll, Tram. Clicm. Sue., 1863, [ii], I, 51. 

omjiiariiga, Sitzung-'tber. K. Ahui. IFi.^.?. IT/cj?;' 1866, 54 , 50t 

V|nkli;r, Zcitsch. anal. Chan., 1867, 6, 18. 

iussell, J., Chem. Soc., 1869, [ii], 7, 20i. 

/cc, Ariier. J. Sci., 1871, fiii], 2, 44. 
iaiibigny. Compt. rend., 1883, 97, 951. 

Citnnierinann, Annakn, 1886,' 232, 324. 

\Ion(i Langor, and Quincke, . Chafi. Sue,, 1890, 57, 753. 

khutzenberger, rewf/., <1892, 114 , 1149. 

<vii8s and Schmidt, Zeitsch. ammji Chem., 1892, 2, 235. 

inkier, ZeitsCh. anonj. Chem., 1893, 4i tO, 462. 
iVinklcr, ibid., 1894, 8, 1. . 
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On tlio^othcr hand, it may be thai the Periodic Law as iiswally^ 
expressed is imperfect (sec p. 3).’ 

Uses. — Nickel is used in a considerable number- of industries, not 
the least important of which is elecAroplatin^. 

lh)etf,rer jioiuted out in I81<2 that dense and lustrous deposits of 
metallic nickel could be obtained elcctrolytieally, and which were 
capable of exteiuLal industrial application on account of their per- 
manence in air and the readiness with which they acquired and actained 
their jiolisli. In eonsequenec of these jiroperties the process of plalin/f 
wilh nickel has become one of considerable comm.reial importance* 
infra). 

Nickel Unds extensive •ipplication in the manufacture of alloys such 
as (icrman silver, eonstantan, monel metal, invar, and the like. The 
outlireak of the Great European War in 1914 led to an enormous 
increase in the jiroduetion of nickel steels for military and naval 
})urj)()ses. 

Coins of jiure nickel are reco^rnised eiirrency in Austria-llun^mry, 
France, Germany, Italy, Mexico, and Switzerland. They arc hard, but 
less easy to mint than an alloy eontainin£( 75 per cent, of copper, and 
wliicli has the advantage of being mueh cheaper ; this latter eonslil ul(‘s 

1 he bulk of the so-called “ nickel ” coinage of the world. Niekel-eojip' r 
alloys containing 22 to 23 per cent, of nickel were used in making coins 
in 23a v.a. by Euihydcmos, the Bactrian king.* Other coins containing 
nickel have been found, of later date Ilian the foregoing, ‘ :anc struck 

2 n.c. containing 20 ])er cent, of nicki*!, the renuiinder being copper 
^ with traces of iron and cobalt.^ The Unit ed SI at('s of America, however, 

were the lirst modern nation to introdiujc a nickel-bronze coinage, 
namely, in LSa7. The alloy eontainey^l2 per cent, of nickel and (SS per 
cent, of copper. In 180G the pereenlagcj of nickel W'as raised to 25, that 
of the copper railing to 75, thereby coming into line with the Belgian 
coin.age iniroduced in 18(51. Other countries followed suit, and it is 
estimated that the total weight of m'‘tallic nickel used in coinage to 
date (1917) cilher as pure nickel or in the 25 per cent, alloy has amounted 
to between 10,01)0 and 15,000 tons.^ It is easy to distinguish between 
})ure nickel coins and the alloy inasmucli as the foriner arc readily 
attracted by a magnet, whereas the latter are not. 

The following table * gives the number of nickel and nickel-lironze 
coins si ruck since thci»’ adojition and down to 1914, in a few' of the 
more important countries of the ^Vorld : 


Countrj\ 

Period. 

Value.* 

Pure 

nickel. 

• 

25 % Ni. 

75 % Cu. 

Austria- 

Hungary 

1892 1914 

20 hellers 

• 

240,270,049 

• • 


10 „ 

320,334,709 ' 

— 


’ (4iarlrtoji, ./. 7i’oy. !sVn*. 1891, 42, 49(5. 

2 NumitsnuHic Chror/idr, 18(58, p. 305. 

^ of ihi Roijtd Oiilano Nir/.cl CoTtnin.<i.non, Toronto, 1017, 312 320. 

* A’oridgod from tJio Ontario Rrjhrt, pp. ,317-319, in,tlit‘ compilation of which the 
^lata wen; obtained from lligg'a Annual Reports tf the Royal ]\lin(, London, 1911, 1913, 
’and 1911. 
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Country. 

IViiod. 

< * 

\ Value. 

Pure 

nickel. 

• ' t 

->3%Ni. , 

' 75 % Cu. 

llcli,num . 

1S(U 11)10 

2.5 centimes 


10,013,090 


f 

■ ‘-iO » 

— ' 

1,803.070 



10 „ 

— 

151.028.830 




-- 

1 10,398, 183 

V'li'.nee 

19,03 1911 

‘25 „ 

10,9 11,133 



f 

10 

3,972 

f 

(lermany' .* 

1873 191 1 

25 ])fenniife 

30,001,790 

— 



20 

f' 

25,029,.301 



10 

— 

791.088,201 



5 


708,005,197 

Italy 

1902 1911 

25 eenlcsimi 

13,008,000 




20 

105,229. (>00 

100,000,()0() 

Switz(U'iand* 

1887 191 1 

5 cents 

32,500,000 




21,- „ 


13,500.000 



20 een limes 

— 

72,000.0(K) 

U.S.A.' . 

1800-1911 

5 })aras 

— 

891,713.975 



5 eentesimos 


31, .378, 310 


'It is (‘stiliiatcd tiui,! up to the eiitfot’ 10] 2 some 000.107.507 eoins of 
pure iiiekel had Ijeeu issued, aud 1,5 tlJ, 700, 571 eoins of niekel-hron/e.' 

Owiiif^f to its power of resistin;^^ corrosion nickel is us('d in tin* manu- 
facture of cookin^r utensils. Thcr(‘ is but little likelihood of danifcn 
arisinir in this manner since luhkel salts are not toxic in minute 
qiiantilics.- 

In a finely divided condition nieke! is used as a catalyst in the 
hardening of oils, an industry tljat is important, and rapidly t,n‘owinir.^ 
Nickel oxide or hydroxide is used by Edison in makinif depolarising^ 
electrodes for stora<f(.^ l)a It cries. It is also employed in the decoration 
of porcelain, yielding browns,, blues, and ^nreiii^ jieeordini^ to the metal 
witji which it is associated, to the <;laz(;, and the amount of oxide taktai. 
It is used^ in the production of lustre clTeets on pottery, yieldinif a 
li^ht brown lustre on firinir. 

Electro^deposition of Nickel.^ -4'hc commercial ai)pliea,tion of 
this [)r,pcess only dates back to about 1870, for, })rior to that dale, t he 
dillkulty of obtaininj^^ suflieiently pure nickel anodes at reasonable 
prices was an insuj)crable Jiandieaj) to their extcauled use When, 
however, imjwovements were instituted in the mdalluroical methods of 
cxt’’aqtin^ nickel from its ores which rende.redi the production of, rela- 
tively l)urc nickel ])ossible at a lower cost, the fp.turc of the clectro- 
jjlaling industry became assured. Nickel is a particularly usclpl metal 

^ Hulhtin Imperial Imlitulr, 19 Hi, 14 , 228. 

2 Lehmann, Arch. Ifi/giene, 1900, 68 , 421. 

® S(‘o p. 95. 

« Kdison, U.S. ralait 1,036,471, AnKu.st 20, 1912. ^ 

•’ Uainbagli, PoUerff DccoraUng (Scott, Graenwood and Son, 1907). ^ 

For further details the reailcr it) referred to .4 Treatise '.m Klcrlro- Metallurgy, 
and \V. H. Cooper (Chat). Grillin and Co., 1910); Applied Eledro-Ohcmiatry, Alluiand 
(Arnold, 1912) ; Ekclro-plaling, Barclay and Haiiwworth (Arnold, 1912h * 

, * Stands tht.s hi the lioport. 
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fjpi purposes of clcctro-dcposition. It yields a liarfl tliat susceptiljc to 
hifjh polislihijr and extremely r('sistaid to oxidation f)r tarnishintj undci 
ordinary nttnosplu'iie (‘niulitions. d’lit'se properlins nruler it parti- 
enlarly siiitahle ])olli for ])roleetive and ornate jmrposes. In tlie 
former eapaeity it is used iTs a eoverinif f-’r more readily oxidisal)le 
metals siieh as iron and steel in exposed portions of inaeliinery, to wit, 
handle-bars, ete., of bieyeles and other domestic eommodities. For 
ornate purposes arlieles of brass aiul other metals are fretpuaitly {dated 
with niekcl as, for exam])l(‘, eofh e-urns, eheaj) spoons, peneil-easi's, e^:*. 
Some 500 tons of metallie niekel are eonsumed amniidiy in Fini^lamMbr 
electroplating purposes. 

As has already been .emjdiasised in connection with flic electro- 
deposition of cobalt, it is essential that certain Avell-dcfined rules be 
adhered to, otherwise the dc])osited metal yields disappointing^ results. 
Thus the surfaces to be coaled must be scrupulously clean, cdherwisc 
the niekcl wall (lake off. A similar result accrues if the de]X)sit is too 
thick, wdiilst if too feelile a current has been employed in the bath the 
deposited metal is too brittle, and tends to rub off during subse({iient 
polishing. 

Mueli w'ork has been eari^^ed out with the object of determininuf the 
best conditions under which the eleetro-dejiosition of niekel may be 
effected, and the followin*,^ is a summary of t he results arrived at : 

An aqueous solution of a niekel salt, or of a mixture of sabs coii- 
tainiu" nickel, is made, and a niekcl anode inserted. The article to be 
plated is also introduced into fhe solution and made To serve as 
cathode. 

The anodes should consist of niekel in as Ifigh a state of purity as 
possible, any cobalt or iron remaining in them being deposited at the 
cathode during {dating. The physiT*al condition of the metal is also 
im{iortant. The east metal, {larticiilarly if its surface has been 
roughened with acid, is very suitable, as it dissolves mostecasily. The 
rolled metal, on the olher hand, is inejined from its inethod-vif jircjiara- 
tion to be more uniform in comjiosition and hence Ic'^^s liable to become 
spongy during W’orking. It is, however, less readily solubh* than the 
cast metal, although more soluble than, clectrol}d:ic cobalt unless the 
last named is fresh and thus cl^arged with hydrogen, wdiicli assists its 
solution. In any ease it is advisable (or the anodic area to excecu the 
cathooic on account of thi inferior solubility of the metal. 

The current dcnsity’must not be. too great, for nickel readily becomes 
{passive. Thus, Schoeh • found that a nickel anoile immersril in a 
normal solution of nickel sul])hatc jjt 2(5'^ C. only dtssolved wTli«i the 
current density did not exceed O-Oyii ampcies per square decinu tre. 
When the density. rose above this value the anode became {lassive, 
gaseous oxygen being *>volved from the solution. ^ 

This tendency b) {lassivity is reduced by rise of temi>craturc, as also 
by the introduction of other ions, such as those of chi oriiu* and hydrogx'n. 
lienee by raising the temperature and adding sodium chloride to the 
nickel sul|)hato solution, the di'jiosition may be effected at a greater 
current density wifhout passiviliAition of the anode taking {dace. 

Although nickel eam*ot be de]}i)sited quantitatively from a solution 
contaiifing more than small aipouhts of free acids owdngJto the liberation 
of hydrogen, yet feeble acidity is freipiently desirable m order to inliibit 
^ Schoch, Amtr. Chcfi. J., 11)09, 41 , 208, 2;}2. 
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the formation of basic salts whteli would seriously mar the(n#ality of fir 
*])laiin,t^. f ' I 

Many diffcrc;it< -jolul ions liaVc been su<T^^ostcd lo meet the Jbre^roing 
requirements. The simple sulphate, NiSO^.TlLO, is of little value for 
elect roplalin^ unless use(bin con junetiofU with other salts such as am- 
monium sulphate ' llarelay and Ilainsworth ^ have fouqd th(‘ following 
mixture to give cxeelient results at about 20” C. : 

Nickel ammonium sulphate, 

NiS04(Nir4).yS04.GlL,0 . 12 oz. -1 or 375 grams 

Nickel suljjlvitc, NiS04.7ll20 3-4 oz. 94-125 grams 
Wal,ep . . . . 1 imperial 

gal! (Ml or 5 litres 

li U.S. gallon 

With this solution a current density of 5 amperes per s(pinre foot 
may b(' employed, equivalent to 0-54 amperes pea* s(]uare deei metre. 
The initial voltage may be 5, falling to 3 volts or somewhat lower when 
a thin de])osit. has formed on the cathode. 

A second solution recimmiended by the same authors is as follows ; 

Nickel ammonium sulphate . . 312 grams 

, Nickel suljihate . . . .125 ,, 

Potassium (or sodium) chloride . 31 17 ,, 

Water 5 litres 

and, may be worked with a current 'density of 10 amperes per square 
foot, \Vatts ^ has obtained good results with a solut ion containing : 

Nickel sulphate, NiSO^. 711^.0 . 240 grams per litre 
Nickel chloride, NiCU.CjJo^) . 20 „ „ 

Porie acid, IlaBOg . ^ .20 ,, „ 

When thick deposits of nickel arc required it is desirable to work 
at higluT 4.em])eiatures than that of the room,^ otherwise the deposit 
tends to peel off ie. thin layers uiilcss the current is (‘xeeediugly feeble. 
This, a(!eor(ling to Eugcanann,^ is due to traces of iron fromViie ehetro- 
lyte being deposited ip the first lajmrs and setting up st rains in succeeding 
layers which contain less iroh.^ With perfectly iron-free anode and 
electrolyte peeling docs not take pla(^c so reailily. At temperatures 
ranging from 50” to 90” C. thick deposits of njekel may be obtained with 
a current density of 2-5 amperes per f^piarc decimetre.® 

lleeeiit work on the rapid electro-deposition of cobalt appears to 
have, stimulated Lirthcr research into the possibilities of increasing the 
rapidity of nickel di position, and 'it would a])pcar that the subject has 
not yet been exhausted. Watts recommends hot solutions {c. 70” C.) 
of the composition mentioned above and u cur^’cnt density of 20P to 
300' ailipcres per square foot (22 to 33 per squaire decimetre), lb' 
clajpis that, under these conditions, ‘M he same amount of metal is 
dejiosited in five minutes as requires one and a half hours in the ‘ rrjiid 
solutions ’ now in use at 10 amperes per square foot.” 

' Barclay and Hainsworth, Ehdro-plativg, p. 279. 

2 0. ]’. Watts, Tram. A mer. Eledrochem. SoC\j 1916, 29, 395. 

“ Foerstor, Ziitsrh. EULlrochem., 4897, 4, 160. 

* Enircinann, ibid., 1911, 17, 910. 

® Since iron is dejAsited from solution more easily than nickel. 

® Foerster, loc. cit. 
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Nickol-jjlatincf may be reeocrnised w-Miout clamaiijn;^ the plate lyv 
moistenint' >vith a dro]) oC arid, and absorhiniv the drop with (ut ('!'-• 
pap('r. Ammonia is added to the latt t to nentrehse tlie aeid, tlu'ii 
acetie aeid and a drop of dimethyl glyoxime solution (sec p. 70). Th(‘ 
eharacteristie red eoloration.will immediately bt'trry the pn'senee ol 
niekeld 

An inirenious method for determininifMhe thiekness of niekd- 
platin^' is vleseribed by Pontio.“ The niek(Tplated artiele is iinmeiscd 
in eoneentrated sulphuric acid to remove ^u'ease, etc. It is tluai fins<‘d 
with water and dried with a clean cloth. A few drops ot a solu^ 
•ontainin^ : 

Nitric acid 10 c.c. 

Hydrochloric acid 30 c.c. 

llydrofjfen peroxide solution . 20 c.c. 

Water 50 c.c. 

are now ap])lied to a portion of the cleaned surlace, and after two 
minutes a drop of ammonium hydroxide solution is added. One 

minute later the litpiid is ])oured oil to a white porcelain tile, and its 
colour noted. A blue lint, in tl.(‘ ease of a copper foundai ion, indicates 
that the nickel-plating is less^’llian one milligram pi'r sipiare centimetre, 
whilst a brown colour, in the case of an iron foundation, indicates a 
plating of fewer than 4 milligrams per square centimetre. With 
thicker deiiosils the foundation metal has not been reached hy the 
naigent, and only a ])ale mauve t jloiir, due to nickel, is observable. 

Hy varying the tiim* of action other thicknesses may of course be 
determined. 


ALLOYS OR NICKKL 

Nickel yields a considerable number of alloys, some of which arc of 
great technical im])ortancc. Chief amongst these arc the alloys ol 
nickel and iron, known generally as nickel steels and sy .eial lerro- 
alloys. At least half of the world’s nickel production is employed in 
ordinary peace limes in the manulaeture of tb. se. whilst during the 
(in'al Kuro])ean War of 1014 to 1918 probabl three-cpiarters were 
consumed for this purpose. 

Although the term mckel sled is frequently used rather loosely, it is 
])referable to retain the tc^^’in for those low carbon steels containing not 
more than 4 to 5 per cent, ot nickel. Most ordinary nickel steels 
contain from 2.1 to per cent, of nickel. Steals eordaining high 
])ereentages of nickel may advantageously be* termeu /og/z nichrUsleds. 
As example's e)f these*, invar and platiiute may be mentioned. The* 
fen’iner ce)ntains seune 35 ])er cent. e)l nickei,0*5 ot manganese, and 0*5 of 
carbon, the remainderJ)ein§ iron. This alby melts at 1425'' C., ajul is 
remarkable lor it:, low mean ce)enicient of liiu'ar expansie)h"" which 
betwee'n 0° anel 40'’ C. is of thebrder of emc-inillionth. It isincorro'lible 
aivl takes a high jwlish, and is thus particularly valuable tor the manu- 
faeture of chronometers, etc. The second of tlic above alloys, namely, 
jdatinite, contains 'about 40 per (?ent. of nie^kel, but only 0-15 of carbem. 
It has approximately the same ^•oeflleient of ex})ansion as platinum 
and glfiss, and is thus suitable feTr scaling into glass aj\j)aratus. Nickel 

^ liianclii an«i di Nohi, Boll. chim. for of, 1910, 49, 517 
^ Pontio, Compt. rend., ^915, 161, 175. 
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rcsisLince wire in electric 'jookers, flat-irons, etc., Contains ajDjDi’CKi- 
^nately 25 to t]i) })er cent of niykel. For further details of/iiekcl stcefs 
and h'rro-niekcls reader is n^lern^d lo Part 11 of this vtdume. 

Various allo\A^ of luekel and eop])er are of <rr(‘at industrial iinportanec. 
TIk; two metals mix in alUproportions, the nickel reduein^^ the conduc- 
tivity and increasiufT the hardness of the copper. The alloys arc 
variously known as cupr(M)ickeh mckel bronze, and ylcM brass, whilst 
certain of them have' special names such as monel metal, Benedict metal, 
nickel or German silver, etc. 

*4).n adding copper to nickel the meltiryi^-poi'iit falls eonlinuoiisly from 
that ol‘ pure nickel' to that of pure copper. All the alloys, thereforo, 
consist of ir Uniform solid solution throughout. 

iVji alloy containing 20 per cent, of nickel i\nd SO per cent, of copper, 
and known as enpro-niekel, is employed in munition work such as the 
manufacture of bullet jackets. It melts at 1190° C., and has good 
working properties. It is made by fusing nickel and copper together in 
tlic requisite proportions in graphite crucibles and is teemed at about 
1:100° L\ It is essential to ])our at this high tern p(M-ature, as otherwise the 
resulting ingots are unsound. y\s a further precaution a small (plant ity 
of de(.)xidiscr is usually added to the molfen^ alloy before pouring, nameiy, 
0-1 ])er cent, of maugaiu'se or small amounts of ciqjro-manganese. 

* Benedict metal is manufactured in the U.S.A., their Government 
specification for the alloy being : 

Nickel . . . . , . 14. to 1C per cent. 

Cofiper . . . . * . tl4 to 80 „ 

A very important al^oy containing 25 per naif, of nickel and 75 per 
cent, of copper finds extensive* aj)|)lication in the manufacture of, 
currency b(^th in Europe and in tln^^New World, lleference has already 
been made lo this in previous pages.* Monel metal is an alloy of nickel 
and copper made by the Orford ('o])per Company by direct r(‘duetion 
of the niek.(;l-eopper matte obtaimal from the Sudbury ores (s(‘e p. 82). 
It is therefore termed a “ natural alloy.” It (‘onlaius from 00- 72 p(‘r 
cent, of nickel, the r^auainder consisting mainly of copper with iron 
ranging from 0-5 to^ 0-5 per cviiL ''The United States (Jovernment 
specification, issued in July 1910, for monel metal re(pures 



Ni 

(minimum) 

Cu 

Fo A1 

Vh 

Castings 

. (iO 

3.3 

6-5 0*5« 

()-0 per cent. 

Rolled 

. GO 

3G 

3-5 ■ 0-5 

O'O „ 


In, appearance vhe alloy resembles nickel and takes a bi illiam polish. 
It is sometimes difficult to.obtain ih sound ingots owing to the presence 
of dissolved gases, although addition of 2 oz. of magnesium to each 100 lb. 
of molten alloy behjre pouring tends to reduce* tjie danger. 

Tile-chief physical properties of monel metal are.- 

J^dting-point , 

Density of east alloy ...... 8'87 

Coefticicnt of expansion per flccreo (*entigracl(* (20°C.- 
100" C.) . . . r . . ... . 0-00001376 

Tensile strength . approx. 35 tons per sq. inch 

* Cowlanfl, The, '^dalhmjif of Nun Ferroutf Metals (O.iffin and Co., 2nd ed., ?G1S). 
See also Dimbar, Metal Industry, 1009, I, 43; lieport oj the Royal Ontario Nickel Com 
mission, Toronto, 1917. 
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i Monel metal is used in the manufacture of ))rof)cllers for Uniled 
States bnttkships, etc. Owin<f to its po\Ver of resistinif heat (h'rrnanf 
employs tlu^ alloy for locomotive fin*- lx xes. 

Alloys of nickel, copper, «.nd zinc nn* kiiown as nichrl-silvrr, and have 
a laruje industrial applieatioM. One such w s known to the Chiiu'se in 
early times under the name of Pachfon^, being list'd for gongs and other 
musical instrumepts. Individual s})eeimen?i exhibit considerable varia- 
tion in eoai[)Osif ion, ranging from 8-75 to 8I-!) per cent, of nickel. 

The manufaetiire of nickel-silver in Kuro^ie was begun in lleilin 
in 1821, and the fancy names given to tlu,' alloy are legion. is 
customary in England to prepare the alloy in thret stages, and not by 
melting together the three ingredients in the eorreel. proportions. 
Thus, eojiper and nickel are alloyed to form cupro-nickel, and zinc 
and eofiper to form brass. The last named is east into platt's, broken 
uj) whilst hot, and added to the molten cupro-nickel. This procedure 
sc'rves not only to yield a more homogeneous alloy, l)ut also reduec's 
the oxidation of the zinc. In Germany, on the ollu'r hand, copper and 
one-third of the recjuisite ((uantities of nickel and zinc are melted 
together under charcoal in a crucible,^ the remaining two-thirds of zinc 
and nickel being added af^ei the whole has fused. Owing to the 
volatilisjition of the zinc it is dillieult to prepare two samples having 
the same composition. 

The alloy is annealed in a revcrlxM'atory furnace in a rdueing 
atmosphere at a tcniju raturc ranging from 700'^ to OOO'* C. according 
to the nature of the alloy.*^ In ordinary praclice exposui,; for 20 to 00 
minutes to a temperature of 750'" C. sutlices. Deoxidation with 0*25 
per cent, of manganese improves the rolling popertics of Ihe linishcd 
alloy, and its tensile strength rises distinctly with ihe nickel coni cut. 

Different grades of nickel-silver hre recognised in the trade, those 
manufactured at Dirminghain and Slu'ilield having approximately the 
following compositions : 



Coiiper 
per cent. 

Nickel 
j.v'.r cent. 

Zinc 
per ci'Jil . 

Extra w^hite metal . . * 

50 

80 

20 

White metal , • ^ • 

5t 

24 

22 

Arguzoid 

. tS-5 

20-5 

81 

llest Ix'st 

.50 

21 

20 

Firsts or best . 

50 

10 

2S, 

Special lirsts 

•5(i 

17 

27 

Seconds .... 

02 

M 

21 

Thirds . . •. * . 

50 

12 

82 

Special thirds .« 

50*5 

11 


FoiP’ths . . . . . * 

55 

. 

85 , 

^'ifths, for plated goods 

57 

7 

80 

Elect rum 

• 

51-5 

20 

22-5 


* Kloss, OicssereA-Zeilung, 1912, 9, 24J, 410. 

3 0 . Hudson, J. In4. Metals, J913, 9 , 109 ; E. C. Thoinpson, ifjlil, 1910. 15 , 290. 

3 TIio first olcvon are given by Hioins (quoled by Litw, Alhnjs, Cbns. Critlin and ( o., 
*2nd ed., 1914). The last alloy is taken fiym J. Inst. Metals, 1912, 7 , 193. 
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or tlu* forc(roi|.i(, the alloy ‘termed “ Seeonds ” is lised the l)a#if^ 
best silv('r-|)la1e ware, nameVk% Al quality. It is also tluM^onstitucnt 
ot nickel-silver tabt* ^oods siieh as spoons and forks. • 

\iekel-silv'('r ' possesses considerable ii^alleability, ductility, and 
tensile stren^dli. No compounds of the three constituent metals are 
formed, and the aljov is a. simple, homo'^eneous, soliil solution. 

Nickel-silver to wlfich Tor 2 ])er cent, of tunf^ste;i IfJis been added 
is known as phifinoid. It has a low eh'^drical conductivity, and is 
therefore usect in the manid'aclurc of resistances. In composition it 
approximates to : . 

Cooper ' 00 per cent. 

Nickel 14 ,, 

Zinc 24 „ 

Tun^^slen « I”2 ,, 

Argowil is nickel-silver eontaininii a little lead and tin — about 
2 per ceiit. of each. (3ther alloys of interest are coiisfnnfau, lufui^inuii, 
nicheJin, and nirhroinc, approximate ajiatyses of which arc* i^iven in the* 
followin'^ tabh' : 



Of the forej^oin*^ atl*)ys nichromc possesses many interesting^ leatures. 
It is now well known for its electrical resistance, and is usetul in the 
construction of electric hcatim^ appliances, such as air ovens, inutile 
and lube furnaces, for use in the chemical laboratory. 

It is easily cast, and as it neither oxidises por scales it is ])articularly 
serviceable for tire-boxes, provinj^ far lon<(er-lived than east steel ones ; 
they do not warp or huh^t\ and retain their strength and shape at high 
tempo”afures. They may be (jucnched in water wdiilst red hot, and, 
owing to the greater durability of tl\c alloy, llu ymay be mach* consider- 
ably Hnnncr than is usual wit1i other metals. Nichromc loses but little 
of its strength at 950° to 980° C., and is thiTc^fore nsed for annealing mid 
for carbonising boxes, for retorts and conveyor chaiifs employed at high 
tenvperatures. ,Thc outer protection tidies ,of pyrometers ha\7‘ been 
made of nichromc, and have lasted for 4000 hours. Nichrornc-lyis 
also been used for crucibles destined to hold up to 170 lb. of metaf. 
Brass, eop|)er, and phosphor copper have been successfully melted in 
them, no alloying of the nichrome' with the* crucible content being 
observed. , 

Nichrome is also very resistant to the action of acitls and of chemicals 
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[runerally.^ It is thus parliculavly siiihi])l(‘ for ])ilklin<^-])nskct^. It 
admits ofNjcia^ readily macliinod, aii,l ])oss(‘ss('s a tensile stren^tTi 
approximatMy double tnat of cast iroi , whilst it espials that metal iu 
hardness.^ 

An aeid-rcsistin^^ ahoy kuowii as illiuwM'onfiuw Ni OO-Ga, Cu G- 1-2, 
Cr 21-07, Mo 4-G7, \V 2-l.‘h with traces of alumiuiuiM, silicon, iron, and 
manj^anose. I't iw-lts at 1 000 ’ C., and has a* tensiic strengt h of aO.OOO lb. 
per squai^c ineli. It is remarkably resislant to corrosion, a 25 per (‘eiit. 
solution of nitric acid having no apparent inlluencc upon it in twenty 
four hours. ^ 

‘ In the manufacture of special stec-ls the following alloys are used : 

'rungstcn-nickc'l containing 23 to 50 % Ni and 77 to 50 % W 

.Molybdenum-nickel . ,, 20 to 50 % ,, 'SO to 50 % Mo 

('hrominm-nickel . „ 23 to 25 % 77 to 75 % Cr 

In the following tabh* references are given to original })apers d(*aling 

with other aiul less importaiit alloys of nickel: 


Elonirnt.s .‘illoying 
with Nickel. 

llcmarka. 

Alloys studied by 

Aluminium 

(.'omnounda NiAl,, NiAl.„ 

(bvver, ZdlscJi. anorg. Chew., 


NiAl have obtained. 

1908. 57 , II lb 

(.). Hrum.k, y>Vr., 100 1 , 3 . 4 , !.-733. 
Combes, Compt, rend,. 1890, 
^ 22 , 1-182. 

Robin, de Melallographic, 


• 

1911, p.3U. 

Scbirmcistcr, Stahl nnd Etsen, 
1915, 25 , 050. 873, 990. 

Aluminium and cop- 

No compound. Aluminium 

Read and Crc.aves, ,/. hud. 

per 

renders the alloys very 

1915, !■> 100 . 

Ijiittle. • 

^CoWpt. rend,, 19M, 
158 , 701. Lcs Alliagi.'f, 1900. 
p. 7-18. 


t 

Andl^‘^ys, ,/. Aincr. Chem. Sik\, 
189-1, 16 , 480. 

Antimony 

Seep. 130. • 


Arsenic . 

•Seep. 12‘^. 


Oismutli 

Kvi(l(^ice of NiHi and NiBij. 

Vo.s.s, Zeileich. anorg. Chun., 


• 

1908,57,34. 

Cadmium 

NiCd, (jbtained. 

V(js.s, fur. rit. 

('liromium 

No compound. With 10 per 

V«}ss, lor. rit. 


cent, chromium J be alloy 

llavnes, ,/. /nd. Eng.Vhun,, 

0 

ia very n-.-'islant to a. id 
attack, e.9p«’<;ially nitric 
acid. • 

foil), 2 , 397. 

dljbalt . . 

No eompoiiiid is formed. 

Cuertlor and T. 9 «Hwann, 


Zeitsch. anorg, Chem-., 190-1, 


• 

42 , 3,53. ^ 

V' 


Ruer and Kancko, Mtdallurgir, 
1912,9,419; Ferrum, 1913, 

• 

• 

10, 2.57. 


^ Seo /mu Afjp, 1917, *100, 259; Mel. Chrm. Eng,^ 19P6, 15, 1.59. 
» S. W. Tarr, J, Soc. C/iem, Ind., 1915, 34 , 1097. 
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■ ' ' 1 

0 

^ Klfluuiils iilloyino 
with Nioliol, 

' f 

Renf.irks. 
r * 

; ^ 

Alloys studu'd by ^ 

Cobiilt aiul copper . 

% 

'l'«M-nary*com pounds are nor 
formed. The alloys arc 
^ardest'' which contain 
nickel and cohalt in equal 
[iroporlions. All are at- 
laekeil hy nitric acid, but 
arc fairly resistant to sul- 
#phuric acid. 

Waehlert. dhem. Zrnlr., 1914, 
ii, 919, friitn Oesferr. ZfUfich. 
IJcnf-in.^l Hihlfti-ici ' 7 //, 1914, 
62 , ':m, ;io7, :{7i,.392, 4%. 

Copper . 

No compound is formed. The 
freezing-point curve falls 
regularly from in.pt. of Ni 
to that of Cu, indicating a 
coni iiiKoiis .series of mixed 
crystals. 

c 

/■ 

lleycoek and Neville, Phil. 

i frnus., l;''97, 189 , ()9. 

Gautic'r, Coinjd. rend., 1890, 
123 , 172. 

GucrtlerandTammannj^ff’f/jr/i. 
anor<f. Cliem., 1907, 52 , 25. 

Kurnakoff and Zemcziizny, 
ihid., 1907, 54 , 151. 

Vigoiinmx, Coinpt. rend., 1909, 
149 , 1.378. 

Kurnakoff and llapke, J. 
Phys.Chew.Soc.., 1 9 M , 46 , 880 . 

Gordon and 1). P. Smith, ./, 
PIttf.ncalChejn., 1918,22, 194. 

Copper ^nd chromium 

— 

McFarland and Harder, ./. Sac. 
dhem. Iml., 1915, 34 , 1097. 

Copper and ofrjd 
Oopi'Jer, gold, and 
silver 

— (, 

1 )e ( Visa r i,s,f/«r , 1 9 1 4 ,4 4 , i , 27 . 

, — 

Parravano, ibid., 1914, 44 , ii, 
279. 

Copper, iron, and 
manga, ncHo 

/ — 

P.arravano, ibid., 1912. 42 , ii, 
589. 

Copper and h'/id 

— 

P.irrav.ano and Mazzotti, ibid., 
1911,44, ”.^^75. 

(!opperand manganese 
Copper and .oalla- 
dium -i- 

— 

Parravano,?7nV/.,l912,42,ii,385. 

— 

Heinrich, Zeifsch. nnnrg.dhcm., 
1913, 83 , 322 . 

Co[i[ier ami silver . 

c 

De (Vsaris, (hv.zeUa, 1913,43, 
ii, 3(55. 

Copper and zinc 

1 

V. F. 'raf(.‘l, Melalliirgie, 1908, 
5o413. 

Giiillet, Revue Mctedln. fjie, 1913, 


' 

10, 1130; dompt.re.nd., 1912, 

155 , 

Gold . 

No ovillence of compound. 

r#-;vin, Zetl.'ieh. anorg. Oiem., 
1905‘. 45 , 238. 

Ilalehett, JRtil. Trans., 1803, 

A*l 

Gold and silver 

Iron 

See this volume. Part TI 

p- 

Be Cesaris, Qazzetln, 1913, 43 , 
ii, 0(>9. 

Lead 

No compounds and no solid 

• Voss,, for. nt. ^ 


solutions. 

Portevin, Revue Mitallurgie, 
1907, 4 , 814. 

Ma;:;:ie.siiim 

Completely mi.sciblo in fused 
state. Mg^Ni obtained. 

^'oss, loc. cit. 

Bourdino, Revue McHalhirgic, 
1915, 12 ^ 125. Contrast 
Schemtschuschny. Urazoff, and 
liykowkoff, Zeitsch. anorg. 
Ghem., 1908, 57 , 25E ; J. 
Rush. PhifH, dhem.Soc., 1907, 
39 . 787. 

Manganese 

Compound MnNi appears to 
be formed in two mollifica- 
tions, stable and unstable. 
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Elements Jliloying 
with Nickel. 

ft 

Remarks. 

1 

• 

r " 

« 

Alloys studied by 

Mnlvbdonnm . 

]\loNi obtiuncd. 

■'Paar, Ztdsrh. anorg, ('hem., 
11)11,70,302. 

Palladium . * 

Sco Palladium. • 

Silic’ori . « . 

Sec I'. 133. 


Silver . 

Soluble in nicked (0 cxb nt of 

Petrenko, ZeiV'^r/i.naor'/. r//r m.. 


4 |)cr cent., the m.pt. of 

1!H)7, 53 , 212. 


the latter bciiiu thereby 

Vi^Mjuroux, Hull. iS'oe. 


lowerial 2tPC. On solidifi- 
cation liomrtifeneous mixed 
cry.stjils soparate. 

ii)q). liV], 7 , biu. 

Thaliium 

Nickel retains in solid h'»1ii 
tion up to about 3 per cent, 
of thallium. 

Voss, toe. cit. 

Thorium 

Coiufiound TluNi. 

Cbauvenel, Hull. Aead. roj/. 
Hrlg., IIMIS, ]). IjSI. 

Tin . . 

Evidi-ncc of formation of 

Vos.s, lor. cit. 


NiSn, NifSn.,, Ni^Sn, and 

(luillet, Compf. rend., 


NijSn. 

i/j/], 7^2. JinlL Sue. ehitii.. 


• 

I'.xiT, jiv], I, 775, 


1 

Vi',oturoux, (donipfr rend., llttiT, 
I 4 <^, 2I(;, 421); 11)07, 144 . 
(>31). i.3r>i. 

t.lautier, CumpL rend,. ISOO. 
1 ^ 3 , 101 ). 


• 

Pusbin, rin/f. (diei)i. 

.See., !0()7. 39 ; SliO. 0 

Tungsten 

Tun,!j; 8 ten increases electrical 

Irmann, Milall vnd Hr.:, 11)15, 


r(‘.si.stance and incorrodi- 

^2,358; 11)17,14,21. 


bility. 

yanacliuin 

Vanadium and niejod ari' 

(!ieb(dhau.^e!i, Ziiimh. (Oiorg. 


miscible in liquhrstate in 
all proportions uj) to 3t) per 
cent. V. 

ahem., 1015, 91 , 251. 

Zinc 

!^iZn;„ NiZn 4 , and Ni.,Zn 

V. E. Tafe', Mdnihi'qlc, 11)07, 


obtained. • 

4 , 781 10(.8.Vl''t 

• 


lleyeoek ami Neville, Trnii/t. 
(;j*m.Soe., 1807 , 71 , 381. 


• 

Viooi^'oux and Uniirbon, Jlnll. 


• 

l^oc, ehim., 1011, [iv], 9 , 873. 


( OMrOUN’DS OF NICKEL 

General Properties of Compounds of Nickt*l. Nickel ysnally 
l)cluivc,‘» ns a divalent clement. ItsNalts wIkmi anhydrous are yellow in 
eolour. They can nsnally be oblaincd iif varions stages of hydration, 
in ivliich eondilion llniy an? usually j^n-ven, and frequently yieki scries of 
double salts, anal()^a)us in physical properties and in chemical CMif^titu- 
tioii tt» many double salts obtclinable with divalent iron. Like cc>q})er 
, those of nickel readily unite with ammonia. l!\ke ferrous salts 
fju'y absorl) nitric oxide, but without chau«{e of colour.^ 

Evidence has been obtained nf the existemte of ln<rlily unstable salts 
of trivalent nickel, buWit has no’^ been found possit'tf' to isolate them 

from Mieir solutions. 

• • 

^ Hiifncr, Zeii'^ch. physikal. ('hem., ?907, 59, 

2 Tuliaudt, Zeilsch. a$org. Chm., lUOo, 45, 7 j. 
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* Nickel salts j-tc antiseptic; they arrest fermentation and the 
fT^o^^^ch of plants.^ The carbonyl is intensely poisonous. / ' 

Preparation of^ Nickel Saffs free from Cobalt.— As . has already 
been mentioned/niekel closely resembles colialt in many of its properties, 
and for many jnirposes i^ is quite unnecessary to effect a eompletc 
separation of the metals. When, how(^vcr, j)ure salts of either metal 
arc rccpiired, several eonvenient methods are to haqd fpir effeetin^^ the 
removal of tlie unwanted element. In order to remove smalUcpiantities 
of cobalt from nickel salts any of the methods sufT^Tested for the removal 
of .nickel from cobalt salts may be utilised. Of tlicse, Fischer’s nitrite 
process is speeialh^ eqnvcnicnt. _ ♦ 

Anotheu mictliod consists in addin(( ammonia to the impure 
bromide in aqueous solution, whereby niek6 bromide hexammoniate, 
Nilh\,.0Nn.j, separates out in beautiful violet crystals. Since cobalt 
does not yield a similar derivative under like conditions, a very pure 
salt of nickel may be obtained in this way.- The hexammoniate of 
nickel chloride, namely, NiCl.^.dNHa, may similarly be used. 


NICKEL AND THE. HALOGENS 

i' 

Nickelous Fluoride or Nickel Fluoride, NiFa " anhydrous 

nfekclons chloride is heated with an excess of ammonium tluoride to 
the pobit of fusion, nid'cl ammoiiiuvi fluoride is ])rodueo(l, of formula 
NiF^.2NTl4F. This is a yellow, amorphous ])owder, solulde in water. 
Wliqn heated in a current of an inert has it yields amor|)hous niekeloiis 
tluoride, the ammonium tluoride bein<T volatilised.^ The nickel lliioride 
is yellow, and almost inf^)luble in water. When healed to 1200-1 1300“ C. 
in hydro^^'n tluoride it is converted into green prisms, which are almost ♦ 
insoluble in water, (juite insoluble ifi ether and in alcohol, and of density 
<l-63. When heated in air, niekeloiis tluoride yields the oxide; with 
sulphur, t he , sulphide ; whilst hydrogen reduces it to metallic nickel. 
When heal^l with potassium hy|lrogen tluoride, a double salt, nickel 
potassium fltwride; NiF.^.KF, is obtained in green plates of density 
3 - 27 .^ '• 

The irikjfdratc, obtained as Itluish green crystals hy 

dissolving either the an hydrous' salt in water, or niekeloiis hydroxide or 
carbbnate in aipicous hydrogen tluoride and concentrating. Doiling 
water deeom|)oses it with the formation of fi })ale green oxytliloridc, 
insoluble in water.^ 

A dihijdrafc, NiFg . 2II2O, has also been described as a green crystalline 
salt ® iofiible in Wilder. 

A crystalline acid salt,'NiF2.5tlF.()IIoO, and an ammonia' deriva- 
tive, 5Ni Fg. CNII3 . 8II2O, have been described.'^ Other derivatives and 
double salts are known.® 

^ Richo and Laborde, J. Pharm. Chini., 1888, ZJ, ), 59, 07. 
pp. 4.3 and 112. * 

3 Poulenc, Compl. rend., 1892, 1 14 , 1426. 

* Poulenc, ibid., p. 746. 

« Clarke, Amer. J. Sci., 1877, 13 , 291. 

“ Berzelius, Pogg. Annalcn, i824, i, 26. 

' Bfjhtn, ZeiM. anurg. Cham., 1905, 43 , 326. But 6 Co CoBtaelirscu, Ann. Sci. Univ. 

* Ilinibach and Kilian, AnnaJen, 1909, 368 , 101 ; Marignac, Ann. Chim. Phys., 1860, 
[iii], 60 , 257. 
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NICKEL AND ITS COMPOUNDS 

Nickelic Fluoride lias not as yet Ijcci/prcparccl^ and appears To 
iTc ineaiKjl)!^ of separate existence. 

Nickelou9 Chloride rr Nickel Dichloride, NiCU.^ js prejiared in llic 
anhydrous condition by heating ilic tinely divided mol at in dry elilorine. 
It may also ])c obtained by ijvajiorating to Jrynoss a solution ot nickel 
oxide (or carbonate) in aqueous hydrogen chloride, and heat ing geni 1 y t he 
solid residue in^th^ absence of air, most adv*ntag(«ously in dry hydrogt n 
chloride gas.^ The salt sublimes as golden scales of densit y 

When heated in air nickel chloride dceomjioses, (‘vnb ing elilorine 
and leaving the oxide. ‘At dull red heat in dry hydrogen a voiaLilc' 
«omj)ound, possibly NiClIl, is produced.^ TIpoTi/e’vjiosure to air the 
si'ales absorb moisture and then become easily soluble in ..•'ler. From 
such solutions the hexal^alrated salt, NiClj.OlIoO, is tiblained upon 
evaj)oratiou. When exposed to ammonia the anhydrous salt, swells to 
a white, powder of formula. NiClo.tiNlLj, readily soluble in water. A 
substance of similar empirical eom]):)sition may be obtained as lilue 
oetahedra by dissolving nickel chloride in concentrated ammonia, and 
cither allowing to cool or by adtlition of alcohol.''* It evolves ammonia 
upon exposure to air, and particularly in vacuo. 

Nickel chloride is also so^ulhc in alcohol. 

Several hydrates are known. The monohtfdraie . Nit'b.lLO, is 
obtained as a yellowish green salt on adding hydroehlorie acid te= a 
solution of the chloride in water, The (Uht/dralc, Ni(l,.-11AL. results 
u])on keeping the hexahydrate in a desiccator. It is yellow in coinin’. 

The usual form of the salt iS the hc,rahfdvaU\ XiClo.folh/). whielr 
may most ('asily be obtained by dissolving one of the oxides or the 
carbonate of nickel in hydrochloric acid and er'^stallising out. It yields 

• monoelinic jwisms isomorphous with the corresponding cobalt salt. It 
is deliipiescent, and solubli' both in^vater i«nd alcohol. 

The. solubility of nickel chloride in water is as follows ^ : 

Tenqieraturc " . 0 10 20 40 GO. 100 

Grams NiCl,, per 100 • . - ' 

gi’ams solution . «5'0 JU-:! ;3l)-l 45'1 40-7 

When exposed to hydrogen uhder a pn'ssure fc>f 100 atmospheres at 
250° C., a hfth normal solution of iiiekel chloride deposits a little metallic 
nieki‘1.'’ * 

DcTuble Chlorides, -l^dekel chlorides unite with the chlorides of 
many other metals, partieularl\* tlu* alkali metals and ammonium, to 
form double salts. Chief amongst these are nickd aninnnilum chloride.^ 
NII4CI . NiCb . GlIoO, which occurs as green, monoelinft' crystals? ^Nickel 
LiCl.NiClo.GiLO, yields (k liijueseent, golden prisms. 

1 Soo Harbicri and Calzolari, Alii. /». Amid. JAm'd, 1005. [vj, 14, i, UU. 

< Richards and Cualiin9ie Proc. Amr. AnuL, 1807, 33, 95; ISOO, 34, 3L’7 ; Chan. 
News, 1807, 76, 284, m, 307 ; 1800, 79, 103, 174, 185. 

2 Sohiff, Anmilcn, 1858, 108, 21. • 

♦^cliiitzenbergcr, Conipt. reM., 1801, 113, 177. • 

•^M^lrdrnanii, J. prakt. Chem., 1836, 7, 266 ; 1840, 19, 445 ; Scerensen, Zdtsch. anory. 
Chem., 1804, 5, 354. 

® Ditto, Ann. Chiifi. Phys., 1881, 22f 551. 

" Ditto, Compt. rr.nd,, ISS^. 92, 242. ^ 

« Ip^ticlT, Bcr., 1011, 44, 3452. 

®VVdams and Merrick, Chem. Mcw.f, 1872, 25, 187; Mitchell, Archiv. Phann., 1876, 
209, 178 ; Foote, J. Anirr. Chem. Soc., 1012, 34, 880. • 

* Chassovaut, Ann, ^'hiin. Phys,, 18ip, 30, 22. 
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Mmwavsium and tea's iu ni niclc^d chlorides, CsCl.NiCL and ‘iCsCl.NiGa, 
fcs|)A'li\'cly, have been prepared,' and a yellow dinihiaum nicktl 
chlorides liRbCLNiCU. Ollier, double chlorides arc known, but, their 
iinportanee is siAall.^ < 

Nickelous Bromide <>r Nickel Dibrom’de, NiBrg, may be olitained 
in the anhydrous eondilion by healintj the finely divided metal in 
bromiiK; vapour and '.ud)liiriin^ the jiroduet at bri^dit I'^ed heat in the 
absenee of air. A mixture of nitrogen and hydro, i^en bromide is 
jiartieularly suitable.' It may also be produced by addition of the 
eak-ylated (juantily of dry bromine to tinely darided nickel in ether. A 
yellow salt of eonpH-sition correspondini^ to the formula NiHr2.(r2ns)2^^ 
results, and't'his on heatinif yields the ether-free, anhydrous bromide.''* 
The salt usually oeeiirs as jrolden scales which absorb moisture on 
exposure to air. The colour, however, varies aecordinjr to the state of 
a<Tore<Tation of t he salt from yellow to dark bronze brown. At red heat 
in the presence of traces of air or moisture some nickelous oxide is 
formed, but Uiehards and Cushman could lind no evidence of the 
existence of an oxybromide under such conditions. 

The sublimed salt is slowly soluble in hot water, yieldini^ a clear 
solution, which may be boiled without decomposition. Bert helot 
states that the solution on standing in air dcjiosils nickel monoxide. 
TJiis, however, is not the ease wath the pure substance. The density of 
the sublimed .salt is t-Ot at ‘2<S'^ C. 

The irthijdraic, NiBr^.lIlRO, may be obtained by introdueiiiLf lincly 
Viivided niekiil into bromine under wider, or by dissolvin;^' nickel mon- 
oxide in aqiK/ous hydro<,^en bromide. On concentrating the solution, 
the salt crystallises out \n the form of deliquescent needles. 

The solubilily of nickel bromide in water is as follows 

Temperature " C. . ‘ 0 ^0 20 10 60 100 

Grams NiBr., in 100 

^u’ams solution . 56 0 5.)’0 5 G -7 50-1 OO-l 00*8 

The hcd^iidrafe, NiBro.Oll.X', has been prepared.® It melts at 
28 * 5 ° C., and from the lupiid the trihydrate crystallises out. The 
nonahtfdrnlc, NiBr2.9ll20, meltin^^ at .- 2 - 5 '' C. without deeom])osition, 
has also liecn isolated'.® 

When ammonia is added to a soluti )n of nickel bromide, beautiful 
violet crystals of the hcmtnmoniale, NiBr.,.6NIl3, .separate out. /Ihese 
arc soluble in concentrated hot ammonium hydroxide, but insoluble 
in tlie cold. On boilin^^ with excess of water, nickel dihydroxide is 
produeeij. Since '•obalt docs not yield a similar derivative, tin forma- 
tion o! nickel hexammoniate forms a useful method of separating- nickel 
from cobalt.® 

Nickelous Iodide or Nickel Di-iodide, NiL, may be obtained by 
heati^' reduced nickel with iodine, or by di.ssolvinjr the hydroxide in 

^ Campl)cll, Amcr. J. Sci,, 1894, 48, 418. ' 

2"tlo{l<!fftoy, Bee., 1875, 8, 9. 

(IrwockcC Annalrn, 1!MI9, 366, 217; von Haiior, J. prnkt. Chem., 1850, 68, 590.- 

* Ilifliards ami Cushman, Chem. Ncu’s, 1807, 76, 284. 203. 

^ Diicollicz ami llaynaud, Compt. rend., 1!U^, 158, 2002, 

® Ihntliolot., Ann, Chm. PhjH., 1830, [ii], -'4, 3S9. ^ 

• F.lanJ, Ann. Chim. Vhjfs., 1804, [vii], 2, 530. 

^ IlolscliakolT, A’n.v.v. 77e/v. Chem. Soc., 1897, cp, 28S. 

■' J’ipliards and Cushman, /Vnc. Amcr. Acad., 1897, 33, 95; Chem. Ncim, 1897, 76, 
284, 293. 
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aq^icous liy^lrof^^on iodide, cvaporatiiijf ta dryness and^suSliriun^ ii^llie^ 
aosence of iwr. It: forms iron-blaek scrjcs.^ With anunoiiia an ain-* 
moiiiate is piodiiecd, which is ])ale yellcrw in cohjur.V |]lue odalu'dral 
crystals of t.hc hexa-ammodiate, Nir2.f)NIl3, result when excess of 
ammonia, is added to a solutmn of the iodide. 'J'his loses ammonia on 
exposure to air, beeomlng green and ultimately brown. 

Tlic luwakijchatH, NiT^.bllaO, may be dbtained ])y crystallisation 
from eoneihitrated a(pieous solutions. It is bluish green in colour, 
crystalline but hygroscopic. Its solubility in water is as follows ® : 

Tempea-ature " C. . 0 10 20 M) ,00 80 i*00 ' 

* Grains Nil.^ per 100 , ./i 

grams solution . '55-4 ,'57-5 51)-7 08-5 0 1-8 05*2 05 0 

The solution absorbs iodine, yielding a brown liquid containing 
probably a periodide, 

OXY-IIALOGKN DERIVATIVKS OK NIGKKL 

Nickel Chlorate, Ni(('10;i).r, may be obtained by double decom- 
position of a(jueous solutions of nickel sulphate and barium ehlorati'.'* 
On eoneentralion rhonilue^ crystals of the hexahydrate, Ni(KlO;{).,. OlJoO, 
are obtained, which at 89” C. are converted into tlu* klrahydralv > 
Ni(('l().d2. IlloO. This latter salt ini'Hs at about 80” (\, bnt the 
existence of a dihydrate in the melt, corresponding to tin* analogous 
cobalt derivative, has not been asuTtained. The solubility, of the salt 
^in water is as follows ^ : 

Teinporaturo “ It .8 10 40 48*5 , 55 05 79*5) 

(■ratiis Ni(( ' 103 ) 2 1 ^ ^ 0 ^ 

grams solution . 52-00 .50-74 O't ^? ^17-00 08-78 09-05 75-.''4) 

Solid pliaso . . Ni(('l()a)... 0 ll 2 O 

Nickel Perchlorate, Ni(G104)2, may be obtained di.ssolving 
nickel hydroxide or carbonate in a soluSon of perchloric ". a, expt'l'ing 
the excess of acid at IJO” G., and concentrating to eryslallisation.^' The 
salt se[)arates out in long, green needles, soluble in watc'r, alcohol, and 
acetone, but instdublc in ebloroform. Tln-.salt may oe dri('d by warming 
in a current of dry air or by proh uged exposure ovt'r sul[)lmrie acid. , It 
then has the formula NiiClOJ^. 51120. The crystals melt at 119' C., 
but already at 108” C. .'.lighk decomposition sets in with loss of perchloric 
acid and production of basic sail. The solution in water gradually 
undergoes hydrolytic dissociation, nickel hydroxide bei,))g precipitated. 

If a piece of blotting or lilter pap(*i’ is moistened with a solution of 
nickel perchlorate and introduced into the tip of a Bunsen flame, a 
series of small detonations ciigsucs. 

A^ “• 21 -S’ C. the mthahijdrnic, Ni(('104)2.9ll20, is formed. .• 

Two other hydrates, namely„thc /n7rn/n/drn/c, Ni(t'l( ),i)2.()ll.>th and 
the tctrAliydmle, ^(ClO^jg.-lli^O, have been describcik as also diC 
hc::amhwuiale, tlNlbj.’ 

^ Erdmann, lac. cit. 

2 RamnK‘lsl)erg, Pofjg. Annakn, 1839. 48 , 1.55. 

* Ktard, Ann. Chinf. Phys., 1894, [vii], 2 , .540. 

♦ Wachtor, J. prald. Cluni., 1S44, 33 , ,321. 

» Mi’uascr, Ber., 1902. 35 ^ 1414. , 

® Goldblum and Tcrliliow.ski, Bull. Sac. chim.y 1912, II, 103, 140. 

’ Salvador!, (l^zzelta, 1912, 42 f [ij, 4.58. 

VOL. IX : < 
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The solubility of iiieki l perehlonUc in water is as follows ^ : 


Teinperaturo ® C. 

Grams NitClOJj in 100 

-30-7 -21-2 

0 

7*5 

18 

/ 20 

45 

grams of solution . 

20.505 21 0(i 

23*.5.5 

24-22 

25-0(; 

25-55 

27-02 

Density of solution 


1-572(1« 

1-5755 

1-5700 

1-5841 

1-5936 


The anhydrous shit appariMitly eannot. exist sinee the hydrated salt 
deeonii)oses on warininj; lu'fore all the water has l)ecn expelled. 

Nickel Bromate,^ Ni(Br()3)o.()ll20, may he prcparc'd by double 
d'efi)in])()sition of barium bromatc* and niehel sulphate solutions. It 
cryslallises in unstable oetahedra which are frreen in colour. From its 
solution hiMupieous ammonia, alcohol precipitates ilic diannnoniaic, 
Ni(BrO,)2.2NII.5. 

Nickel lodate, Ni(l();j).2, discovered by llammelsber^', is interest iii<» 
on account of its hydrates. The (whifdmus salt is obtained as miero- 
seopie yellow needles by heatin^^ to 100" C. a mixture of nickel nitrate, 
iodic acid, and nitric aeid.^ It is but sli<fhtly soluble in water, the 
solubility decreasin^f with rise of temperature. 

Temperature ° C. . 30 50 75 00 

Grams Ni(l()3)., In 100 ' * 

jrrams solution . 1*135 1*07 1-02 O-0S8 

A-mou()hijdraU\ Ni(I().5)2.H2G. 'vas obtained l)y Hammelsberu ^ as 
a bri^dil ^u’een powder by concentrating^ solutions of nickel sulphate 
and sodiun. iodate or a solution of ni'ekel hydroxide in acpieous hydriodie 
acid. Clarke was unable to tind this salt. 

The dihifdmli’, Ni(.K);,)2.2ll20, exists in two isomeric forms known 
res])ectively as the a and p varieties. 

The a-salt is obtained by alliwln^^ a mixture of nickel nitrate and 
iodic acid to stand for several days at 25" to 30" C., when a crystalline 
mass is fornied. It is but sli;,ditly solidde in water.® 

TenT}TC.iul,ure ° C. . O 18 30 50 (transition 

^ temp^^rature) 

(irarns Ni( 10.5)2 in 100 • 

^u’ams sohfiion , *0*53 0*08 O-tJo 1*78 

\\t ,50" C. in the jU’esenee of watcT the a-salt is convert i‘d into the 
P'Salt, which crystallises in small [irisms w^uch are even less soluble in 
water. Thus ® : 

. Tempo**alure " C. . 8 18 50 75 80 

Grams Ni(IO;j)2 in 100 1 

j^rams solution . 0*52 0*55 0*81 1*03 1*12 

^The trihydratr, Ni(10.j)2.3H20, was llrsl xlescribed by Ditte,’ who 
evaporated slowly a mixed solution of nickel m\',’’ate and an alkainc 
iejate. The salt crystallises out in ^uxen transparen't prisms. 

The ieimhydmic, Ni(IO;j)2.'lILO, separates out as O'l’een hexagonal 

' Goldblum and IVrlikttwski, lor, at., p. 141). 

* Marbach, Ann'nko, 1R.^)5, 94, 412. 

^ Moussor, Bcr., 100?, 34, 2422. 

* Kaninu-lsberfi, Pogg. Annaltv, 1828, 44, 502., 

(2ark^*,, Arnrr. J. Sci., 1877, 14, 280. 

" Mousser, he. cit. 

’’ Ditte, Ann. Chim. Phya., 1890, 21, 1 15. 
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|)i’isins whr.i ii solution of iiiekrl nitrat:' and sodiunf lodalo is n^Kien- 
tratcd Ix'l w'-cn O'" and 10'' C. The solubility of the salt is as follows 

T('ni])('r;ilure " C. ... .0 18 < 00 

Grains Ni( 103 )., in lj)0 <»ranis 

solution . . * . . 0-70 1*01 Dll 

The h(\vuhij(lrofi\ Ni(I();j)2.nH.^(), was* ])rcj)arcd by (’larko - .by 
dissolvin^f nickel carbonate in aqueous iodic acid and allowinjr to slowly 
evaporate. The salt yields small <j;re(‘n crystals of density 0-70 at 2 'S' C'. 

Two Periodates of mekcl have bern described,'' namely, l.t * meso 
•lalt, Niy(I()5)2> and the diperiodate, Xi^T.^Og. The Ibnuer is obtaiiit'd 
as a greenish yellow amori)hous salt by the action of nieke! sulphaU* on 
a solution of Na^lbjIOg when, on boiling, the salt separates out as a 
lloeeulenl precipitate. Xi^laOg occurs as a black crystalline salt 
oldained lyy dryino; at 100’ C. the Iduish _<freen <yelatinous j)reei[)itate 
resulting from mixing solutions of nickel sulphate and K4LO9. 

NICKEL AND OXYGEN 

It is ])ossible (hat Tetra>nickel Suboxide, Ni^O, is cajiable of exist- 
ence'. for Sabatier and Ksj)il * claim to ha\e pn'pared it by reduction 
of nickel monoxide in a. current of hydrogen at 155'' to 250' C. 

Tri-nickel Suboxide, Ni.jO, is believed to exist in solution when 
nickel cyanide' is eleel rolysed between platiuuni electrodes.'' 

Nickel Suboxide, Nij,0, has not as yet been obtaineal, alt he ugh 
the eorresponding hydroxide', NiOII, appears to have becii })repareei.'* 

The N'cleee'ily e'urve lor the reduction of nieke’ monoxide by hyelre)g('n 
in the |)resene*e eif a ele-hydrator to renu)ve the evolved water pe)ssil.)ly 
inelie-ate s the e-xisle-nce e)f a suboxide.'^ Ni^O, but this is ne)t ee'rlain. 

Nickelous Oxide or Nickel Monoxide, NiO, e>e'eurs in nature as 
the mineral Jiun, senile in regular oetaheelra, e)f elensil\ (l-t. In the 
laboratory it may be obtained by heating the hyeiroxid", ,'es(]ui-e)xide, 
nitrate, - ; carbonate, when it residts as a green crystalline poweh'r, 
whie'h, e)n he'aling, assumes a decj) yellow ce)K)ur. Whe'u nickel is 
he-ate-el in steam to a dull red heat, or in nitric oxiele' te) at least 200 ’ (h, 
nieke'le)us e)xide is Ibrmed.® Thy eixide may also be [ircjiare'd by igniting 
nickel beu’ale and lime at a high teni])e‘rature, aiul s('[)aral('el as green 
crystals by treating the (^)oled mass with aqueous hydrogen ehle)ride. 
Us ele-nsity ranges freim (rO te) 

Niekele)us e)xiele may be* re'duerd inewe e)r less ee)m])leL(iy to the 
me tallic ce)ndition by lu'ating in a (;urrent e)f hydroge'ii at 220 A’., in 
earbe)n me)noxiele at 120“ C., and in ammonia above 200“ Solid 

^ Me'usser, loc. dt. , 

• V. W. Claiko, loc. dt. ^ 

" Kimniiiis, Tvans. Cbcm. t^oc., 1SS1>, 55 , l.OI. 

‘ ami Kupil, Compt. rend.* l!Kt, 158 , (i(l 8 ; 159 , 137. Sec Dergor dnd. 

1!»I4, istJ, 17!)S. • 

■' Tuluuidt aiiel Uicdi 1 , Zdfsdi. (inury. ('lum., I'.Ml. 72 , 1*19. 

“ Tsclnig.u;v anel (/lilnpin, Cowiit. raid., 191-1, 159 , 152. 

’ luTgcr, (Jonipt. rend., 191 1, 158 , 179S. »Sal)alior and Kspil {loc. dt.), liowe'vrr, regard 
it as Ni., 0 . 0 

® Sai^^itier anel Sendercji.s. Conipt. rend., 1S!>2, 114 , 1429. 

" vSclinideT, Pony, .\nnalen. ISaO* 107 , 113; Geiitli, ibid., 18t5,*53, 139. Playfair 
and .lf)ule give' a-fi (.7. Clicm. l<or., 1S40, 3, 5). • 

• Vorstcr, Jakresber.,.,\H{)l, p. 310. ^ 
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•arbon rcdufcs il fit 4*50'’ C. These teiiiperal hits of reduct iop, however, 
[lepend upon the mode of ])reparation and subsequent chemical histo/y 
af the oxide. 14cl<W 000“ C. reduction is not complete, but the product 
is very active catalyticall}j.^ 

When ignited in air, nickelous oxide absorbs oxygen, but loses it 
ngain as llie tv‘m})er^ture is raised. When prepared by ignition of 
niekel nitrate, the oxide contains occluded oxygen ancl nitrogen, the 
latter gas predominating.- 

In the electric furnace it melts and on cooling solidilies to green 
L’rysta!,;.^ lly repeati'd healing to 1000“ C.’ in excess of potassium 
L’hloride, apiorphous .lickel monoxide yields minute octahedral crystals, 
light yellowish green in colour, and of df'usity 7-45.^ It becomes 
incandescent in tluorine, and in hydrogen sulphide yields an oxysulphide, 
2NiS.NiO. Acids dissolve it, yielding nickel salts. 

Nickel oxide unites with oxides of several other metals to yield 
erystallinc substances of varied composition. With alumina a blue 
aluminate, NiO. Al/t,, is obtained by fusing the two oxides together at 
900“ C.., using ])otassium chloride as a llux. It crystallises in small 
octahedra or octahedral cubes, and even a small excess of either oxide 
can be distinguished microscopically. vVnh manganese oxide, series ol 
homogeneous mixed crystals have been obtained in an analogous 
maimer, with comjiosif ions ranging from NiO.SMnO to 5XiO.MnO. 
The crystals arc slightly yellowisli gr(!cn in colour, and form octahedra 
and octahedral cubes. ^ 

The oxides of magnesium, zinc, and tin likewise yield interesting 
mixtures.^ 

Nickelous Hydroxido, Nickel Dihydroxide, N1(()II)2. is obtained as an 
apph'-green ])r(cipitate upon warming aqueous alkali hydroxide with a 
solution of a nickel salt. The })rceii)itatc is not jierrectly })ure, but 
contains traces of alkali and of the original acid.^’ It is very slightly 
soluble in w,.tcr,’ but nradily soluble in ammonium hydroxldi', yielding 
a deep l)lue sf-'utiou from which the nickel hydroxide is di'positcd in 
erystalline form on boiling. 

Nickel hydroxide may also be* obtained in the crystalline form by 
allowing a solution l)f sodium chloride to stahd over mercury with a. 
niikel wire connecting both licpiids. The reaction is extremely slow, 
however.” 

Nickel hydroxide is formed when a hfth- normal solution of nickel 
nitrate is exposed to hydrogen under a pressure of 100 atmospheres, 
and when a sirnilar concentration of nickel acetate is exposed to 
hydrogen under the same ])rcssure at 120“ C.® 

Nickel hydroxide dissobx‘s in ordinary distilled water to the extent 
of 12-7 mgs. of Ni(OIl)2 per litre at 20“ It is soluble in acids, 
yieUliiig nickel salts ; when heated,’ water 'is evolved, leaving a rcshlue 

‘ Sabatier aiul Senderens, Bull. Soc. cliiw., 19i2, Oil. 

2 Richards and Rogers, Amcr. ('hem. IS!C>, .%7. , 

® Moissan, Anv. Chim. PInf.s., ISHO, fv], 2i, (Jompt. rend., 1892, 115, 1034. 

* Hedvall, Ze.ii.'ich. anorg. (Jhem., 1015, 92, 3S1. 

s Hedvall, ibid., 1918, 103, 249. 

“ See Tcichrnann, Annalen, 1870, 156, 17. 

’ Richards and (Jushinan, Chem. Netvs, 1899, 79, 1 H- 

* C. A, Peters, Avier. J. Sc>., 1911, 32, 386. 

» Ipatieff, Bcr., 1911, 44, 3452. 

Alnikvist, Zeitach. anorg. Chem., 1918, Io3, 240. 
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ol nickel itkmioxrIc. Il is (luite insohi])h oven in oonm nn.itod sohj^tions 
of potassiinn or sodium liydroxidod and is loss ri‘iidily oxitlisod in nir 
tlijin the 00! ros|)ondin;4‘ cobjdt dorivativo. Its so! u ion in ammonia is 
a solv(“nt for silk, bill not ba' ootton.^ 

Niokol liydroxido has hvm\ obtained in colloida’ form by tivalino a 
solution of niokol suljdinto with one of sodium protalbinate or lysalbinato, 
and dissolviiitr iho pr(‘oi|)itato in dilute sodhun Hiv(lr(!xido.^ 

Tri-nitkei Tetroxide, Nickelo'-nickelic Oxide, whvn 

niokol ohloridc is subjootod to ])rolon<,^od hoatinf^ at tlo'' C. in moist 
oxy^RMi.^ In jippoaranoc it is »frcy and motallio. 

• The oxitlo may also bo obtaiiu'd in the (hhydndcd oondition, 
Ni304.2ir/.) or Ni()3.‘2Xi0.‘2lI->0, by fusim:? sodium jnu-oxido with 
metallic nickel and romo\'in^f the alkali by thorough washin^^•'’ when it 
is formed as dark crystals which dissolve iii acids yieldin'^ salts of divalent 
nickel. Density ii-H ‘2 at ;P2‘' C. On heatin«‘ to redness nickel monoxide 
is formed. 

Nickel Sesquioxide, Nickelic Oxide, or Nickelous Nickelite, Ni/kj 
or NiO.NiOg. Frequent refenaices occur in the literature to this 
oxid(‘, tin; analo^mc of ferric and oobaltic oxides. It would api^oar, 
however, from the rcsearclu^i of Ih'lluooi, that the su))stance originally 
belie\'ed to have the above oom|)osition is in reality the {lioxid(*, XiO.,, 
or a mixture of this dioxide with the inonoxid(‘ (vide infra), and tluit 
the sf‘s(pjioxide has not as yet lurii oldainod. Th(‘so oonelusions were 
arrived at as the result, of studyin/^ the action of oxidisiii^^ ai^ents on, 
nickel sul|)hatc in alkaline solution. It was found that the d(‘<;ree oi 
oxid.'ition depe nded both on the nature of the oxidising' medium and 
upon the rapidity of oxidation. No arrest was foutal correspond inj^ 
to the se.s(pji(>xide.*‘ Hofmann and Iliendlmaier found that, on burn- 
infr ])otassium in nickel vessels exposed to air, bhiek ])risms were fornu'd 
to which they ascribed the formula NiO.XiCK.K^O. On washinjf 
thorou^dily with water, raven-bhvk metallic crystals, of emjiirieal 
composition Ni.jOQlI,!, were h'fl. T'hese naidily oxidised orj^anie 
matter, and the authors sujrirested tin* formuhi XiO. 1 m0^.‘21Ij> 0. The 
sodium salt, Ni0.2Xi0..Na^0, iias also been prt pared. Itpon hydro- 
lysis it yields the same liydrated oxide, Xi.,0,i.‘2li/). 

Nickel Dioxide, NiOa. Pre.sumably the snbstjinec* deseribial as 
nickel sesquioxidc and obtained Avhen nickel nitrat(' or ehloraie is 
<r(*ntly heated, or wlam potassium chlorate is fused with nickel chloride.^ 
really consists of the dioxide in intimate association with mere or h'ss 
nickel monoxide, accordin«jf to eireumstanees (vide. .v»//ry/). 

The existence of nickel dioxide was tirst indieateii by Dulau.l® who 
pre])ared barium nickelite, IhiO.^NiO.^, bv i^nitinir niek(‘l oxide and 
barium carbonate in an electric are. The niekeliie resulted as dark- 
eoh'ured crystals of de'isity*4-8 at ‘20 ' V. and attacked by water. 

1 Do Schulton, Coniiit. rend., 1889, 109, 290. 

2 Sc.ldo.ssbortier, J. pralt. Chem., li'fcs, 73, 

3 Paal and Uriinjos, Ikr., 1014, 47, ’2200. 

* Baubigny, Conipt. rend., 1878, 87, 1082. 

^ Dudloy, J. Amer.fJhem. Hoc., 1800, 18, 001 ; Bolluoci and llubcgiii. Alii R Acc.ul. 
Lined, 1000, 15, ii, 778. • 

“ Btilluoci and Clavari, Ali^ R. Acrnd. Lined, 1005, 14, ii, 2IM. 

’ Hoirnann and Hieiuilniairr, Her., 1000, 39, 0184. 

“ Bcllucci and Rubegni, toe. eit * 

® 8cliul/.o, J. prali. Chem., 1880, 21, 407. 

Dufau, Compt. rend., 1800, 123, 4O0|l 
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I|) Iho hydrated form, XiO^.-rTIoO, nickel dioxide is ol.)taiiied bv 
Jlccomposino’ an aqueous solution ot' a nickel salt by watinin^^ with 
sodium or [udassiiSui hyjX)ehlorite, and by passing- chlorine throu^di a 
suspension f)f niekelous hydroxide in waltr.^ It also results when a 
neutral solution of niekel' sulphate is electrolysed. In the literature 
it is fre(picntly referred to and described as the hydrated sesqui- 
oxide. ■ ' A ‘ 

The hydrated oxide readily dissolves in aeids, yieldiii<> niekelous 
salts. It decomposes hydrochloric acid evolving chlorine, and hydro, i^en 
})ei‘oxide evoK in^ oxy^ifcn, bein^ itself rctluced to nickel monoxide.- 
With sulphurous acid the sul|)hite and dilhionate are })roduced. With 
sulphuric aeid oxyj^en is liberated, nickel sulphate result i mr ; with 
aqueous ammonia nitro«jfen is evolved. Acetic acid j^ives at first a 
brownish yellow colour which rapidly turns j^reen. 

The oxid(‘ is reduced by hydrogen, carbon monoxide, and by carbon. 
The reduction in an atmosjihere of hydroifcn begins at about C.^ 
The oxide burns in tluorine, and when h(‘ated in hydrooen sulphide 
yit'lds water and the monosulphidc, NiS. ^Vllini (v'ule infra) ascribes 
the following graphical formula to the dioxide : 

' ‘ 

Nif . .rll/). 

^0 


A compound of similar composition has been olitained by the action 
of hvdrogcn peroxide upon free nickci hydroxide or iqion cooled nickel 
chloride solid ion to which potassium hydroxide* in alcoholic solution is 
added."* It is a greyish green substance giving all the reactions of 
hydrogen jicroxidc, amf is quite different from the foregoing isomeride*. 
Pelliiii suggests that it is a true [x.roxide, namely : 


Ni<^h.rIIA 


Numerous other ‘ubstances d(‘scril)cd as oxides of nickel have been 
placed on record, aiuUbrniuhe suggested such Ni.jOy,'’ Ni^O-,'* NiijO,^,'^ 
NiO,** and Ni.jO.j. lUO.® These arc probably not separate clx'mieal 
entities, but mixtures of nickci, niekdous oxide, and nickci dioxide 
according to circumstances. 

When a dilute solution of a nickel salt is electrolysed at 70° C. in 
the ])reseneeof chromic acid and an alkali pyrojihosphate, the tetroxide, 
NiO^ is obtained. 

^ Hellucoi and Clavari, Gazzetfa, 1905 14, ii, 2IM ; Atli /?. Arrad, Lined, 1007, 16, i, 
647. 

2 Oailry, Phil 1879, 7, 126. 

2 M »:.ssan, Ann. Chim. Phya., 1880, 21, 190. 

* Polliiii and Menoghini, Zdtfsch. anurtj. Chem., 1908, 60, 178, 

AViyko. Jahre.dnr., 1805, p. 1103. 

® Sclinidor, Ghnn. Zentr., 1890, i, 9.31. 

’ T. llayley, Clem. News, 1879, 39, 81. 

^ Miillcr, Poijq. .innalen, 1869, 136, 59. 

9 Moore, (diem. News, 1895, 71, Si; 1893, 68, 295. 

Hollard, Compt, rewd., 1903, 136, 229. 
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NICKEL AND SULPHUR 

Nickel Subsulphide^ Ni„S, is slalod to be oh taxied })v I 
nickel nionosiilphide in an eleetrie furnace,^ "iid by reduction of jiiekel 
snl])hntc with hydroj^en or surphur at red heat “ ; but Bornemann,^ I'roin 
a eonsideratioii ol'tlie freezinj^-point curve ofnielo’ sulphides, eoueludes 
that the suljsulphide is not a separate eheinieal entity, tail a eutectic 
nii\tur<‘A 

Nickel Monosulphide NiS. occurs in nature as the mineral 
miUeritc. It may be ])re])ared by heatimr nickel and suljdmr together 
or by the action of hydroiren .ailphid<‘ on nickel heaos' '’o redness. 
As ol)tained in either of tlrse ways it is a bronze yellow mass, insoluble 
in hydrochloric or sulplmric* acid, but soluble in nitric acid and in 
aqua renia. Its density is and speeilic luait 0121-8. Heated to 

rediu'ss in hyfiroLfcn, the suljdude nanains imehan^axl, but in oxygen a 
basic sulphat(‘ is produced. Chloriuc and water vapour attack it but 
slowly.*^ The sulphide is also obtained as a ^^rcy amoi phous mass lyy 
trcatini^ a solutioTi of nickel sulphate at SO'" U. with hydro^aai sulphide 
under pressure.’ 

It has been ))r('])arcd in the crystalline form similar to the mineral 
by hoatini*' solutions of })otassium sulphide and nickel chloride' 

100 ISO’ C. in a sc'aled tub(‘.® Ammonium thioeyanate and nickel 
chloride solutions mub'r similar conditions produce the same sulphide.** 

Nickel sulphid(‘ may also be cb*^ained by ])reeipitatiou from sohilion^ 
of nickel salts. It then occurs in three dilTcrcnt polymeric Idrms, 
a, p, and y, aeeordino- to circumstances^^ Of these, a-nickel sulphide 
is sohibh' in dilute mineral acids, even with as low a conei'utralion as 
0-01 normal, p-nickel sulphide dissolves easily in 2-iiormal hydro^nai 
chloride, whilst y-uickel suljdiide is insoluble unless oxidisini^ agents arc 
presc'ut. 

When dilute reacfcnts are used -for example, nickel sulphate and 
ammonium sulphide in dilute a(pieou.> solution -“q)ro^' bly the a com- 
pound is li"st formed, and then, when the solubility of this substance is 
exceeded, a precipitate separates out which subsequently more or l(‘ss 
completely i)olymerises to the p and y forms. Idiis sultices to exjdain 
the well-known fact in qualitaifve analy.sis that whilst nickel sulphide 
cannot be precipitated in acid solution by hydro, ijen sulphide, v('t when 
once pr(‘ci|)ilated in alkjfline sojution it is very dillieult to dissolve 
aijain completely in dilute mineral acid.^^ 

* Mourlot, Comyt. rend., 1897, 124, 7(iS. • 

2 Arfvr(Lon, Pogg. Annntcn, 1824, l, Ori;* IT. Rose, ibid., 1847, 71, 115; 1800, 110, 
292,411. 

“ Roriiemann, Melolliirgic, 190§, 5, 13. 

* Tsohugaov and Clil()})i.i {Conipt. 1914, 159, 62) claim to have ohtaijjgd the 

Hubsul])hi(le by a wet iiutliod. 

5 Keniigott, Sitzungsher. K. Akad. ^Viss. H ic / j , 1853, 10 , 295. 

® Hose, Pogg. Annahn, 1837, 42, 517. • 

’’ Jf'oiKiiie and 1^1. Levy, Synthhe des minvraux ct des roches. Quoted by Bluissan, 
Traite de chimie minJrak, 1905, 4, 270. 

® Do Seiiiirmont, Ann. Chini. Phya., >851, [iii], 32 , 129. 

* Wcinschenk, Zeilach. Kr^H. Min., 1899, 17, 497. 

A. Ytdol and Old, Zeitseh. anorg. Che.m., 1909, 61, 390; Thiel and Oessner, ibid., 
1914, 86, 1 ; Glie.m. Zen.tr., 1914, i, 18. 8co also do Koninck and r<e^ent.. ZcH.sc.h. angew. 
Chem., 1891, p. 202; Villiers, Compi. rend., 1895, 120, ^16; de Koninek. ibid., p. 735. 

• See Daubigny, Comnt. rend., 1882, 14, 961, 1183, 1251, 1417, 1473, 1715 
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three varieties of niekoLsulphicle can be ol)taine(l in more or less 
I'nire forms separaU'ly as follo^y : 

When dilute st’iulions of nickel sulphate and an alkali. “sulphide are 
slowly mixed at'thc ordinary lemperature ui the absence of air, 85 per 
cent, of the precipitate consists of a-NiS. JHiis sulphide is stable in the 
alisenee of air if kept in contact with pure water. In eonlaet with 
solutions that dissolve it to a slitrht extent it yields the fi and 7 va.rieti(*s. 
P-niekel sulphide results, mixed with a little 7, when a fiolution of 
nickel acetate aeidilied with acetic acid is treated with hydroi^uai 
‘su!j)hide. lIoilin<^ with acetic acid converts it into the 7-form. It 
ap])ears to be crystaUine. 7-niekel sulphide may be iilitained in a pure 
crystalline cimdition by boiling the mixed sulphides with 2-normal 
hydrochloric acid. 

Nickel Sesquisulphide, NigS.^.— A substance of this conijiosition may 
be obtained by acting bn nickel carbonyl with a solution of sulj)hur 
in carbon disul|)hide.^ 

No indication of the existence of this com])ound has hvcu obtained 
l)y llornemann “ in studying the -freezing-point curve of the system 
niek('l — sulphur. 

Tri'<nickel Tetrasulphide, Ni.{S,„ nsuHs when metallic ni(‘kel is 
heated either with sulj)hurous acid or a solution of nickel sulphite to 
200"" C’. under ])ressur(‘.^ Its existence as a sej)arat.e chemical entity is 
indieat'xl by the shape of the freezing-point curves of nickel sulphides.'* 

Nickel Disulphide, NiS.^, is stated to result^ on fusing nickel 
Oark'imate wdh suljduir and potas.sium carbonate, and washing the 
resulting ])roduet. ('hlorine conv(‘rt.s it into the diehloridi'. 

Nickel Tetrasulphide, NiS4, is stated® to result when sodium poly- 
sul})hide saturated witli sulphur is allowed to act on a solution of a 
nickel salt. ’ ' 

From the freezing-point curves of nickel suljdiides the existence of 
two other sulphides has been inferred, namely, Ni-jS^ and NieSs-' 

Double sulphides of iron and nickel are i)resent in nickel juatte, and 
are hence of eoiiin. "cial importance. Double sulphide s with potassium, 
K.,S.;3NiS, and barium, IlaS. iNiS, may be obtaiiu'd by fusing nieki'l, 
sulphur, and an alkali at a high temperature.^ 1'hey are* crystalline 
compounds. Cobalt yields only the sesquisulphides Co-^S-j, in like 
cireifmstanees. Nickel thus resembles jjalladium and platinum, whilst 
cobalt resembles rhoelium and irielium in these re‘s})e‘ets. The position 
of nickel after cobalt in the Periodic Table thus receives further 
justitieatie)!!. 

Nickel Sulphite, NiSOa, may be prepared in t wo stag(‘s e)f hydra- 
tion. The iKwahydrafe,^ NiSd^.OHp, crystallises in te'tralu'dra on 
evaporating a se)lutie)n of nmnoxide in aque^ous sulphurous acid in the 
colei over sulphuric acid. If, on the other hand, the solution is coneen- 

* Dewar and Jones, Trans. Chem. Soc., 85, 211. 

2 Ilornernann, Ion. cit.; also ibid., 1910, 7» tlt)7 

^ (leitncr, Anmf'.en, 1861, 129, 350. 

* Borneinaiin, loc. cit. 

^ J'^ellenberg, Potjg. Annalen, 1840, 50, 73. 

Terrell, Compt. rend., 1876, 82, 1116. 

^ Borneinann, loc. cit. 

^ Bellucoi, Alti R. Accad. Linen, 1908, 17, i, 18. 

® Fordos and Oeiis, J. prakt. Chem., 1843, ji], 29, 291 ; Miispratt, Anmlen, 1844, 
50, 2.59; Itarnmelsberg, Pog<f. Ihinalen, 67, 391 ; llohrig, J. prakt. Chem., 1888, [ii], 
37 , -^ 17 . 
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touted on the ^Yate^ bath, the tclrakijdmtc,'^ NiSOg. 1-1120, separates (?iit 
?i.s a ^reeiA’rvstalline mass. 

The sail' readily (.xidiscs in solnlion. It dis‘ 'Kes in ammonia, 
yieldin«,^ a bine erystalliiu* hydrated iriammoniate, * 

A basic sulphite is oblaiued by additioi; of se hum snlj)hite to a* 
solution ol a, nickel sail, and warmim;.- AVilh ammonium sulj)hite 
a ^rcen, crystalline precipitate ol‘ Nickel Hmmonium Sulphite, 
(Nil ,),SC,g . JiNiSOg . 1 Si 40 , is obi ained.^ 

Nickel Thiosulphate, NiS-^Og-lJlIgO, is readily ()])lained by mixing 
equivalent solutions of nickel sulphate and stronlimn thiosulp'tir.t(‘.‘ 
•Insoluble strontium sulphate is filtered off, and I'k eltair solution u])on 
eva])oration yielU^grccai trielinie prisms of nickel I hiosiil|,!iat(‘.‘* 

Stable in air at ordinary temj)eratur(‘s, the salt deeomjM)ses 
at loo'" C. AVith ammonia it yields two ammoniates, namely,^ 
NiSgOg.OlI.O. iNIIg and NiS.Og.stlgO.ONTIg. 

Nickel Dithionate, NiSgOe.OTIoO, may be ])re])ared by dou})le 
decomposition of barium dithionate and nickel sulphate solutions.*' On 
coneenlration of the liltered solution, grecai trielinie prisms sei)arafe 
out. From its solution ammonia precipitates the hexammoniate. 
NiS20f,.ONHg. 

Nickelous Sulphate or Nickel Sulphate, NiSO^, has l)e('n ob- 
tained in v'arious stages of hydration. Its solution is prepared i^y 
dissolving the hydroxide or carbonate, in dilute sulphuric acid. When 
crystallised at 15 20'’ i.\, the heplahi/drate, NiSO.j.TllvO, is ol)tained a- 
green rhombic prisms, isomorpluflis with the corresponding ferrons and 
zinc sul|)hales. Its density is 1-877, and speeiiie lu'at O Illl. 

Owing to its resemblance to ferrous sulplmte or greeai vitriol it is 
frequently known as iiiHrl vUriol, It is found in nature as the miiu'ral 
moresoiiiic. It etiloresees in a'r, yielding I lie hexahydrate. .\l 100 ’ V, 
it loses I moh’cules of water, and at 280" (’. becijines anhydrous. 

Its solution, evaporated at 50'' to 00'' U. or allowed to stand after 
addition of excess of dilute sulphuric acid, de[»osi[s er\sl:ds of the 
hfxcdnjdrofc, NiSO 4.011.20. Those are blue, tetragon-d pyramids.^ The 
same hydrate is jirodueed by prolonged exposuiv of the heplahydrate 
to air. 'rhis is an exantple of simple cllloreseenee,^ and is not dependt id. 
upon sunlight as was once suppo.sed.'” If the crystals of hej)tahydrale 
occupy only a small portion of the containing vessel, they lose* water 
with the formation of the hexahydrate. whether they an* expost'd to 
light or not. On the other han<K they are lud changed, ev(Mi by strong 
light, if the surrounding air is saturated with wafer \ aj)our. or if the 
crystals are in contact with tiller-paper moistened with tur|)eiil4n(', or 
if they completely till the vessel eonlaining them. The hexahydratt- is 
also produced by prolonged exposure of The anhyvlrous salt to moist 

i Mu.spratt, loc. cit . , Rfllirig, %c. cit. * 

“ Seubert and EIUm, Ztitsch. anonj. Chem., ISlKt, -t l ; Boct (ingor, A tih -Id;, 1K44, 
SI, 400. 

^ Bt^rglund, *900. 1874, 21, 212. 

* Tiaminclsborg, Poyg. Annale.n, 1842, 56, 800 : Tx-tts, J. ('hem. Sac.. 18VI), 23, 124. 

'» Vortinann and Padberg, Jahreshtr.^ 1880, j). 074. 

« Baker, Chem. Nem, 1877, 36, 208.* 

^ Thorpe and Watts gav» 1-049, and 3ohifT gave 1-981 fur the densify of the re- 
crystalli»ed heptahydratc. • 

® Pierre, Ann, Chim. Phys., 1818, jiii], 16, 282. 

® Dobroserdoff, J, Russ. Phys. (■hem. Sor., 1000, 32, •800. 

Phillips and Coopei;, Pogy. .4nwrt/fW4 1820, 6, 104. 
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air (vkk infra). The licxahydr^itc may further be obtained by leaviu" 
fhc Ifeptahydratc for some hours in coni act with its saturivd-d solution 
at to C. Tt" salt is dimorphous.^ At temperatures above 51*^ C. 
both the heptah\''drat(^ and the blue liexahydrate are rapidly converted 
into ffrecn monoeliiiie erys1;ds containinj^ (1 molecules of water.'^ 

The fclnilij/dratf, NiSO.,. III^O, has been pre|)ared by crystallisation 
from a solution of thV; heptahydrate in sulphuric acid 6f density 

The dihi/(lra1(\ NiSOj.2lloO, is formed from sohitions by evapora- 
tion at temperatures above 118'^ C. It may also be obtained by the 
action of concentrated sulj)hurie acid u])on the hepta- or hexa-hydrate.'* 
On heatinif the hexahydrate to 100'' C., 5 molecules of water are 
expelh'd. Hie mnnohffdrate, NiSOplI^O, bein<y ])roduced. The same 
hydrate results when concentrated sulphuric ?teid is added to a solution 
of nickel sulphate, b(‘in^^ preci()itated from solution,’* and when a twice- 
normal solut ion of nickel siilpliate. is heated to 100'^ C. under a pressure 
of 100 atmospheres of air or nitroi^^en.® At ‘iSO'’ C. the hydrated salts 
yield anhydrous nirkel sulphate, which is yellow in colour. It absorbs 
moisture slowly from the air, yieldin^^ ultimately the In'xahvdrate, and 
in contact with water rehydrates itself, passing into solution if sullicient 
water is present. Density 0-040, speeiti:* heat .0*210.^ Heated to 
redness in air it yields nickel monoxide. Heated in a. tub(‘ o|)en at 
i,«th ends it be<j[ins to decom})ose at 708'^ C. to the monoxide.^ Carbon 
reduces, it to the free metal. A fiftli-normal solution of nickel sulphate 
deposits metallic nickel at 180® (k under a pressure of 100 atmospheres 
of hydrotjcn.’t 

it readily absorbs ammonia f^as, yieldinj^ the hexammoniate, 
NiSOpONH-j. If the anhydrous salt is dissolved in concentrjded 
aqueous ammonia, however, a dihydraled tetrammoiuale is |)roduccd, 
namely, NiS 04 . 4 NH.j. 2 HXX which separates out in dark Idue tetra- 
gonal ])risms ® which are unstable in moist air. 

The solubility of nickel sulphate in water at various temperatun-s 
is as follows ; r 


Temperatnro (!. . 
Grams Ni804 in 

100 

grains 

0 

9 

22-0 30 

34 

wator 


■ ■ • 


.31-55 

.37-90 42-40 

45-5 

Solid phase . 


• 


1 

NiS04.71l.J) 


Tc'mporatuio C. . 
Grams NiS()4 in 

100 

grams 

323 

44-7 

.52-0 ^ 54-5 70 

99 

water 


43-57 

48-05 

52-34 52-50 59-44 

70-7 


Solid phase . .... Ni8(),,.f)llo() NiSO,,.nlLO 

* blue groon 


^ Spo Phillip.s and Coopor, Pog<j. Amialen, 1820, 6, 194 ; Mitscherlicli. ihUL, 1*827, 
II, 320; PkiiTi*, Avti. Chim. Pln/s., 1840, i6 , 2;j 2 ; Hunt, ISf)!) p. TOT; 

Reu.soh, Pofjg. Annalen, 1,854, 91, hi?; H. Kopp, Her., 1879, 12, 903 ; liowbaudran, 
Com))}, rend., 1808, $6, 497. 

- 8teelo and Johnson, Trans. Chem. Sue., 1904, 85,^ 110. 

“ De Bruyn, liee. Trav. chim., 1903. 22, 407. 

* Etard, (J 07 n.pl. rend,, 1S7S, 87, 0tl2 

^ Loscamr, Chem. Zenlr., 1895, i, 525. *• " Tjatioff, Ber.^ 1911. 44, 3152. 

’ Pape, Pogg. Annalen, 18(53, 120, 309. . 0 

* Hofmann and I/anjukow, Met. awl Chem. Enf., i912, 10, 172. 

** Erdmann, ./. jyrnkt. Chem., 1830, 7, 249; Kano, Annakn, 1838, 26, 199, 

Stoolo and John.son, Ioc...cU, 
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The transiti(ni points arc as follow : 

TIeptahvd -ate Blue hexahydralc j "“saturated spin! ion |iB -5° C.] 
Blue hexahydratev^ Green hexaliydrat(‘ !.■>;! ;V' C.| 

Green hexahydrate Dihjk^drate |- satm\ ted solution |uneertaiii| 

Se\eral Basic Nickel Sulphates have been^deserilx'd, hut these 
are of less interest and imporlanee.^ 

Niekel sulphate yields nunuTous doubh' salts. Of these the most 
iniportaiit is Nickel Ammonium Sulphate, (Nil ,)^,S()j.XiSO j.0llX), * 
which is lari^ely used in eleelroplalinij;. It is rc-Mlily ]wep;;..‘( d by 
fiddinjr the re{juisitc quantity of ammonium sulphate tu a er ueent rated 
solution of niekel sul])hat^ in dilute sulphurie acid. It ei\'stallis(“s in 
bluish ^U'cen monoelinie ])risms. These are U'ss soluble tlian the 
correspond in jT cobalt salt. 

Tomp(M'!itiiiv"(\ . . 3-5 10 10 20 30 40 50 08 85 

Crams of salt in lOOjirams 

water ... 1-8 3-2 5*8 5-9 8-3 11-5 14-4 18-8 28 0 - 

The oorresjiondinir Pota^sii m,’"’ Rubidium, and Csesium salts have 
been jireptiri'd, and tlieir erystallo.<»Taphi(* elements deli'rmined.'* 
Anhydrous Nickel Ammonium Sulphate, ;iNiSO,.2(NIl4).^SO,, li 
been ])reparcd by fusinif toifether^ niekel sulphate, oxide, hydroxide, 
or carbonate and exe< ss of ammonium sultihate. It combines with 
water evolvin^^ heat. \V'hen iijnik'd, anhydrous ni(>k('t sulphate rrmaii*^ 
!,ehind. 

Nickelic Sulphate <locs not appear to be eaptible of a sepjirate 
existenee.^ 


NICKEL AND SELENIUM 

Nickel Subselenide, Ni.^Se, is obtained as a yolden yellow com- 
pound by lli(‘ prolon.i^ed action of hydrogen ut)on the bijrlier selenides.’ 

Nickel^ Monoselenide or Nickel Selenide NiSe, results in 
regular double tetralu'dra. when niekel is exposed at dull red h(‘at to 
vaporised selenium dihited with nitrogen. It is also obtained by the 
action of hydrogen selenide u|jj)n anhydrous niekel chloride at liright 
red heat.’ It is greyish blue in colour. Density S-ld. 

Nickel Sesquiselenid^ N-i.^Se^, is obtained by exposing anhydrous 
nickel ehloridi; to hydrogen seleiTide at dull red heat. Nickelo'^nickelic 
Selenide, Ni 3 Sc 4 , is obtained in the same way as a grey ])roiluet afipa- 
rently crystallising in the cubic sy;>lem. 'Flic Diselenide, NiSiL, is a 
dark grey compound obtained by heating^mhydrous niekel chloride in 
hydrogen selenide at 300'^ C.’ 

•Nickel Selenite, NiSeO^, has 'been prepared in several singes of 

^ Marshall, Aiuili/nl, 1899, 24, 202; do Clermont, Compt, nnd.f 1893, 117, 229; 
Athana*esco, ibid., 1880, 103, '2Fl\. » 

2 ?Sec Tohler, Annalan, 1855, 95, 193; von Hauer, J. prnH. Chem., 1808, 103, 114; 
Croshans, Hpc. Trav. chim., 1885, 4, 230. 

3 Tobler, .‘lwmde?7,*1855, 95, 193; v^n Hauer, ./. prnlt. Chem., 1808, 103, 114. 

* Tiitt-on, Trans. Chem. Sf^c., 1893, 63, 337 ; /Vo7. Trans., 1915, a, 216, 1. 

Lachaiid and Ijopierre, Bull. Sac. /him., 1892, 7, 000; Compt. rend., 1892, 115, 

116. 

• Sec Tubandt and Hiedel, Zeitseh. anorr/. Chem., 1911, 72, 219, 

’ Fonzes-Diacon, Compt. rend., 1900| 131, 550, 
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hydration. The semiliydrlile, 2K&0^,ll20, is obtained as insoluble 
Wionibic ju'isnis by heating a solution of nickel carbonate fa selenioi.s 
acid to 2;3() ^ C. iin sealed tubes.^ It is stable at 100“ C.‘' The inouo- 
, hydraic, NiSeO.j.'^IlX), is precipitated on addition of an alkali selenite to 
a solution of a nickel salt.' ()n drying over sulphuric acid it becomes a 
grey powder.- The dihydmte, NiSeO-j/ill/), has also been obtained.^ 
Nickel Selenate, NiSt^O^.OlLp, may be oblained as green octa- 
hedral crystals by allowing a solution of nickel earbonatci in selenie 
acid to evaporale slowly at ordinary temperature.* 

Nickel selenate unites with the selenates of the alkali metals to 
yield ((oubh* salts 'I pf the type M^Se04.NiSe04.6lIo0. These salts 
crystallise iii'holohedral prisms belonging to the monoclinie system, and 
are isomorphous with the double sul[)hates Of analogous composition, 
of which ferrous ammonium sulphate is the best known example. The 
following salts have been carefully studied by Tutton ® : ‘potassium 
nickel selenate, K2Se04.NiSe04.Gll2() (density at 20“ C. 2*559, mole- 
cular volume 200*14); and the nickel s(*lenatcs of rubidium (density 
2*850, molecular volume 219*90), cwsium (density 3*114, molecular 
volume 229*17) and ammonium (density 2*243, molecular volume 
210*53). » » 

NICKEL AND TELLURIUM 

Nickel Sesquitelluride, NioTe.,, occurs in nature as the mineral 
mclonite. It may be prepared by the addition of sodium telluride 
Suhktion to one of nickel acetate acidulated with acetic aeid.'^ Tin* 
resulting black preci[)itate has the composition Ni./reij.dllgO, and 
when hented in hydrogcju yields Nickel Monotelluride, NiTe. 

Nickel Tellurite niay be obtained as a })ale greenish yellow pn*- 
cipitatc ol comj)osition NiTe().j.2lTj,0, by addition of sodium lellurite 
solution to one of nickel chloride.® When heated it loses water, becom- 
ing light brown in colour. 

'' “NICKEL AND CHROMIUM 

Neutral solutions ol nickel srdts produce with potassium chromate 
a ehocolale-brown precipitate of hydrated basic nicki'i chromate, 
NiO.'NiCrO,,. Aq. It forms only slowly in the cold, even from concen- 
trated solutions. Roiling hastens the precipitation. The reaction may 
be utilised in detecting small qiiantitie., of nick('l.® 

Nickel Chromate, NK’rOj, is obtained by maintaining a solution 
of niel:<‘] carbonaie and chromic acid at 200“ C. in a sealed tube for 

‘ Bdutzourcano, Ann. Chim. IMS!), [vi], i8, 293. 

“ Mus[)ratt, J. Chem. Soc., 1849, 2, r)2. 

“ Nilson, Pull. Hoc. chim., 187r», 23, 3o3. ' 

‘ VoirfliiiitT, J. prakl. Chem., 18W), 80, 217; von Ra^h, Pcjg.Annalcn, 1892, 115, 
483; 1 16, 304. 

^ Von Hauer, luc. cit. 

'* Tutton, Phil. Trana., 1917, a, 217, 109. 

^ Tibbals, J. Amer. Chem. Hoc., 1999, 31, 902. .See alpo Margottet, Thi^e de Paris, 
1879. 

® Lenhor and Wolesensky, J. Amer. Chem Hoe., 1913, 35, 718. The .sodium t(‘llurite 
is obtained by fusin" e(juinioIecular quantitie.s of sodium carbonate and t'dlurium 
lioxido. ft readily dissolves in water and cryatallises with 5 molcculet; of water, 
dins Na/FeOg.niljO. 

’ VVcil, Bull. Hoc. chim., 1911, 9, 20. 
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several hours. It yields black cryslals insoluble in hot dilute nilrie 
jtl'id, and ?)nly slowly attacked by eoneentratetl nitric acid or a<[ujf 
rc*^da.^ On \)Ourintf alcohol into an annnoniacal solution of i liis salt, 
the tiexamnioniate, NiCrOjiidNM,, separates out in diPhroic crystals. 
Nickel Dichromate, 2 Nirr 2 D 7 . 31120, is! {)l)taij'ed by heatin^,^ ar 
aqueous solution of nickel carbonate and chromic acid to a hi^h tern 
peratui’c. It occqrs in reddish brown ira»s})arcft prisms, which an 
deliqucsccfit.*^ 

Double Chromates. Several double chromates containin^^ nickel 
have been prepared. Ainonj^st these are iwlassii(]}i nickel chroinnicj' 
ilv2C'r04.NiCr04.Gll20, and the correspond ii\Lj (ijrilinninm, rubidium, 
and CLVsium salts. Dasic chromates have also l)een dcscri^vfd.^ 


NICKEL AND MOLYBDENUM 

Alloys of nickel and molybdi'num an; prepared by direct union of the 
two metals or by reduction of their mixed oxides in the electric fnrmur. 

Nickel Molybdate, NiMoO^, is })repared lyy fnsiiij:r a mixture 
of sodium molyi)date and chloride with ni(‘kel eliloride. It occurs 
as ^nren prisms.*'* The hydrafed ammoniate, NiMoO.,. NlLp^ILO, is 
obtained as greenish blue prisms by dissolving nickel hydroxide in 
ammoniacal ammonium molybdate.® 

(a'mi)lex nickelo-molybdates have been prepared.’ 

NICKKL aViD MT1?0G]';N 

Nickel Nitride, ‘?NioN (or NijNo), has been obtained® by beating 
•reduced nickel in a current of ammonia at alVmt r>00'’ C. It is alst) 
fortned when niekelaniidt , K\(W\n).M is he.ded at 1,21) ’ C. in a vaeuuni.® 
Nickel nitride is a black powder, readily solubh* in dilute hydrochloric 
or sul})huric acid, and completely decomposed when heated in hydrogen, 
its nitroge'ii being evolved as ammonia.’® 

Nickel Azoimide, Ni(N.{)2*li20, and a Basic A^L'-liii de, Nj.Ni .011, 
have been* obtained as green explosive erystalhn. bodie s, exploding 
at 217-27U' C. Bright green, explosive' Potassium Nickel Azoimide, 
KN 2 .Ni(N 3 ) 2 , has also be'en prtj»areel. * 

Nickelamide, Ni(NIl 2 ) 2 , is pree*ipitated as a reel, jloe*culent ij)ass 
when n solution of nie'kel^thmeyanate in liepiiel ammonia is tre'ate'el with 

^ S. H. C. Grigns, Zdt'irli. anorg. (Hicin., I'jOl), 63 , u 2 ri. 

2 iirijzgs, ibid., 1007, 56 , 240. 

“ IJiiugs, Traufi. Chan. Soc., 1904. 85 , ('.77 ; 1003, 83 , 301. H-lv also *ZdUch. 

anorg.Chan., I DOS, 58 , 4 12 ; 1000, 51 ,’ ,34 8 .’ 

* Fivcso, J^oijg. Anhuk'.n, 1870, 140 , 261. 

** Scluiltzr, Annnlui, 1807, 14 ^, 232. 

* Soniu’nsolicin, J . praLf. ('ban., 185 1, * 53 , 330. ^ 

’ StMji Barbieri, Alli*]i. Accad. Linai, hil l, |vj, 23 , ii, 3.57 ; f'hivticn, CrnipL rend., 
1800, 123 , 178. • 

8 J3*ilbv and lleiidoMon, Trans. Chan, Sor., 1001, 79 , 1251. 

* P.obart, ./. Phpsiral Chan., 1015, 19 , 537. 

In no (,’asc could lloilby and Hendenson iiidiico the iiickol to conibino with more 
than 7-5 per cent, of nibogen ; NijN icffiiies 7 30 per cent. ; requires 10 0 per cent. 
If the latter formula is cornid, for the nitride, as analogy with iron and cobalt would 
lead on«»to antieipaU*, the substance obtained by Bcilby and Henderson was probably 
a solid solution (d nickel in the nittidc. * 

” Curtins and Kissom, J. pralct. Chan., 180S, [ii], 201 ; Curtius and Daiupsky, 

ibid., 1900, 61 , 418. 
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an c(juivalent amount of {)otafJsaniidc solution. It reacts with water, 
^)rotracinj]f nickel hydroxide and ammonia : ^ ^ 

IShjNH,), + 211,0 Ni(01I)2 -f- 2MI3. 

At riO"" C. it yields nicAel nitride.^ 

NitrO'^nickeli Ni,N02. —When nitrogen peroxide, suitably diluted 
with nitrogen, is ])a?.se(l oyer reduced nickel, a blaekMiiass of nitro- 
nickel is obtained.^ Water decomposes it vigorously. Whei. heated in 
a current of nitrogen nitrous fumes are (irst (evolved, then the substance 
deeom))oses witli violemr, leaving a residue of nickel and its oxide. 

Nickel Nitrite," .Ni(N0.2),.- A solution of nickel nitrite is obtained 
by double de^'ornposition of nickel suljdiate and barium nitrite, but the 
salt itself has not been isolated. It yields a stable double salt witli 
potassium nitrite, namely, 4KN02.Nh(N0,)2, which erysliillises in 
brownish red octahedra,^ when excess of potassium nitrite is added to a 
concentrated solution of nickel nitrite.^ In the presence of a calcium 
salt a yellow crystalline precipitate' is obtained, of composition repre- 
sented by the formula ^ 2KN()2.Ca(N02)2.2Ni(N()2)2 or K,CaNi(N02)6, 
which closely resembles potassium cobalt i-nil rite in appearance. The 
corresponding barium and strontium salts have lieen prepared. 

Nickelous Nitrate or Nickel Nitrate, Ni(N(),),.- This salt may be 
.blaiiu'd in the anhydrous condition by the action of nitric anhydride 
or a solution of this in nitric acid upon the hydrated salt."' It is a pale 
greenish yellow jiowder, which decomposes at 105'' to 110'’ C., evolving 
nitrous fume^. 

The licxahfjdraie, ^^(NO,),. 011,0, is dimorphous. It is olitained as 
green monoelinie crystals by concentration of a solution of nickel 
hydroxide or carbonate in dilute nilric acid at tempiTatures below 
55‘^ C. — most advantageously at about i-O" C. Density *' 2*005 at 1 4 ' C. 
At low temj)eratures the salt separates out in crystalliiu' lamella’. The 
crystals delicpiesce in moist air and cHloresee in tla; dry. 'riieir solubilil y 
in water is as follows ’ : 


Tonipcnituro 

Grams NitNO;,)^ lOU g/ams solution. 

TmpcfaliJiv ' . 

Grams Ni(N(.),)a por 100 grams solution. 


- 21 

- 12-5 

- 10 

- 0 

39-94 

41-59 

4211 

43-00 

0 

20 

41 

50-7 

44 -.32 

49-00 

55-22 

02-70 


The composition of a saturated solulion of.the hexahydrate in' water 
at temi)eralures ranging from — 21" ts) 41" ('. is given by the expres- 
sion ’ : 

. • NitNO,), + (12-S8G - 01i;i55/)n.,O. 

Crystals of the hexahydiutc melt at about 50*7" C., losing 3 mole- 
cules of water. If maintained at 70" C. they melt, large orthorhombie 
‘ IVolurt, loc. cit. 

- Sabatier and ,Sen(ler(m.s, Bull. Soc. chini., iSOIt, fiii ], 9, IIOO. 

^ tv. Fisclicr, Anniik}!, ISIS, 74, llTi; Lang,';/. pral,i. Chum., 1802, So, 200; 
Hampe, Aunakn, IsOS, 125, IVM. 

^ Lang, Jahrf..sljrr., I8(>2, p. lOl ; Ilampe, ihid., 1H03, p. 103 ; Kiin/el, Zcilm'h. anal. 
Chem., 1804, 3, 101 ; I'irdmann, J. prakl. Chm , ISOfl, 97, 38b; Leiehaid, Chm. Zcil., 
1904, 28, 479, 885. 

® Guntz and Martin, Ball. Hoc. chim., 1909, 5, 1004. Compare Ditte, Comi't. rend., 
1879, 89, 041. 

« Ciarke, Amer. J. ScL, 1877) 14, 281. 

’ Funk, Zeildch. anory. Chem., 1899, 20, 392. 
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cfyslals of the lrilujdruU\ Ni(N03)2.;IIl20, produced. 'I'fiis 

1^’dratc is*stal)le hetween c. 55'’ and OS'’ (\, at which latter tenf|)en# 
turc the crystals melt with simultaiu'ous deeonipi>sibion. 

The solubility of the trikydratc in water is as foilo'vs ^ ; 

Tempera t lire C. . 98 GO G^I \ 0 90 95 

Grams Ni(NO.j)., per ^ 

100 ^,n’ams*soWtion. 61-Gl Gl-99 G2-7G GI5 05 70-lG 7712 

At 55'’ (!. nickel nitrate has nearly the same solubility as the eorre- 
spondin^f cobalt salt. * 

At — IG'’ ('. the noiialij/ilrai(\ ^(Niy^.OlLO^ "flu be isolatl'd (Vom 
the solution, but only with dilliculty on account (»f thedovv tempera- 
ture. Its solulhlily in witter is as follows ^ : 

Temperature C. . . — 28 , — 21 — 10*5 

(irams Ni(N().,)2 per 100 

orams solid ion . . 89*02 89*18 1 1*1 8 

The soluliility curve of this hydrate intersects that of the hexa- 
hydrati* at — 1(1’ C. 

When alcohol is added tto^a solution of nickel nitrate in aqueous 
ammonia, blue oetahedral eryslals of the mmwhydraled tt'triimn\imuih\ 
Ni(N();j)2.‘tNll3.1l20, separate out. These are unstaldc in air.- 

Double Niir(des. --k double nitrate of nickel and liismuthj 
8Ni(N()3)2.2lh(N();j);5.2lTl20, has been pre])ared as ^reen crystals, 
mellin^f at 09” C. without dectatqiosition.*' Other double nil rales ari. 
known,'^ ineludin^^ double nitrates of certain rare cartlj metals/’ and 
several basic salts had been jirepared.® 

NICKKL AND n>IlOSi>I10HUS 

Nickel Subphosphide or Di*'nickel Phosphide, Ni.^P* is olitaim d in 
the form of <>rcy needles, (>f density 0*8, when nickel and phosphorus 
are heated to^elher in an electric litrnace,'^ or wh* ledueed nickel is 
exposed ^t dull red heat to Mipours of jihospliorus trichloride, tri- 
bromide, or tri-iodiduk vSmall •brilliaid yellowish white crystals are 
obtained by this latter proei'ss. Nickel subphosjihide also results on 
reduein<f the jihosphate with rtydro^aai at hiifh t(‘m])eralurcs,® a ad lyy 
])ouri>i<^' a susjiension of nickel hydroxide into a boilin<,^ solution of 
caustic ])otash to which *phos})liorus has been added. A brown pre- 
ci})ilale is tirst formed, but after a few minutes a black residue of 
Ni.d’ or Ni4P2 obtained, which dissolves but slowly in most, dilute 
acids. Tow^ards concentrated nitr’ie acid- it behaves like iron, but 
readily dissolves in dilute nitric acid. * 

c* Kiink, Zeiiach. anorgeChcvi., IS09, 20, 31)3. 

" iM'diuimii, J. jmuXt. Chem., 1S3(?, 7, 201); 18‘i0, 19, 445; Seliwarz, ih' fl, 1^50, 51, 
319; hauivnt., Ann. ('him. Phijs., 18^2, 36, 3.53. 

^ I Vt)iiin and Laoombo, GomjH. nvd., 1903, 137, 508. • 

^ tSfo n. .7. Mcytr and Jacol)y, Zciisch. iinunf. Chan., 1901, 27, .359 ; LniR-irn, Chan. 
Zentr., 1912, i, 208. 

^ Sec this Series, Vul. IV, p. 401. • 

® Rousseau and Tile, Conipt. rtnd., 1892, 141, 1184. 

’ Mjuonneau, Compt. rend., 1900, 130, 050. 

® Granger, Chim. Phya., 1898, 14, 49. 

^ Struve, J. praki. Chem., I860, 79, ,339. 

Schenk, J. Chem. Soc., 1874, 27, 2|4. See also Kulisch, Annalcn, 1885, 231, 357. 
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Nickel Sesquiphosphiae, NigPg, was obtained by Graii'rer^ By 
',)assinir pliospliorus vapour over nickel at a low red heat. It 's 
non-nia<Tnctic, j^rcy, and rriar)le, insoluble in hydrochloric or nitric 
acid, as also in nqua rc^ia. It is perniarent in air up to a dull red 
■ heat. 

Nickel Diphospbide, NiP.^, is prepared ^ by heatinif an alloy of 
nickel and tin, eonla.niii;^ T? per cent, of the former mdal, with phos- 
])horus in a sealed tube to a teinperature of 700'^ C. If the alloy is 
lieated with less than ‘20 ])er cent, of its weight of ])h()S|)horus the 
nickel diphos|)hidc may l)c isolated from the residue by treatment with 
warm Coneentrated bvdroehlorie acid, in which it is insoluble. 

The pluv^phide is a eryslalline subslance, of metallic appearance, 
and of density 1-0*2 at 18° C. 

Nickel Triphosphide, NiPg, results ^ on heating an alloy of nickel 
and tin, containing 5 })er cent, of nickel, with more than ‘20 per cent, 
of its W(‘ight of ])hosph()rus in a sealed tube to TOO'’ C. Tin triph()S])hide, 
SiiPy, is sinmltaneously ])roduccd, but may be decomposed by heating 
the mixture under reduced pri'ssure at ,‘100*’ C. Treatment with hydro- 
chloric acid removes the |)roduets, leaving the triphosphidc as a crystal- 
line n'sidue, of density t*19 at 18° C. » « 

The phosphides, NirjPo and Ni^P, have been described.^ The former 

thes(‘ exists in two modilicalions, namely. fiXi^Po, which is stable at 
high tem[)eratures and is transformed at 10*25° C. into aXir^Pg. 

^ Nickel Hypophosphite, NiIl4(P02) .GII./), may be. obtained by 
double decomposition of nickel sulphate and barium hypophos))hite 
sohifions, or by dissolving nickel hydroxide in hypophosphorous acid. 
From the solution thus obtained th(‘ hexahydrated salt crystallises out 
in green regular octahedra. 

On warming the solution to 100° C. metallic nickel is deposited in 
consecpienee of partial decomposition. On raising the moistened 
crystals to 1*20° (’, the salt is completely reduced/* 

Nickel Phosphite, Ni2(IlPO;^)2*H2^1*^ll'/b niay be obtained in an 
analogous manner to the precedin'g salt. 

Nickel Metaphosphate, Ni(P 03 ) 2 .— The anhydrous salt is'obtained^ 
by the action of ])h<»^phoric acid on nickel sul; hate at 800° C. It is 
a yellow substanci', insoluble iii water and mo.st acids, but attacked 
by coaeeiitrated sulphuric acid. It may be obtained in the crystalline 
form by melting with metaphosphorie acid. 

A polynic/ide of this salt, namely. Nickel Hexametaphosphate, 
[Ni(P 0 . 5 ) 2|3 or XigPgOjj^, is obtained as a green, gelatinous precipitate 
on addUi.)n of the corresponding .sodium salt to a concentrated solution 
of nickel chloride.® 

Nickel Orthophosphate, ■Ni.j(P 04 )... 7 ir., 0 , may be prepared by 
adding sodium orthophosphate to a solution of a soluble nickel salt.'^ 
It is jiate green in colour, turning to yellow when heated.® A double 


^Granger, Compi, rend., iSOfi, 122 , MS4. 

* Jolibois, ('om}iL rend., 1910, 150, 100. 

^ Kon.stantiiioff, IhiHs. Phpa. Chun. Soc., 1908, 40 , 742. 

** Kammolsborg, Ber., 1872, 5» 494. 

6 .MadclrelJ, J. Cham. Soc., I84fi, 3 , 27:t. 

'' Liif*(b‘rt. Znlsch. anorg Chan.. iS9Il, 5, .39. 

Kammolsbcrg, Bogg. Annalen^ I84fi, 68, 388. 

* Salvetat [Compt. rend., 1859, 48 , 295) has suggested its employment for pigmentary 
purposes. 
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phosphate potassium and nickel, namely, 2 K 3 p 04 .Ni 3 (P 04 )jj? has? 
l)ten isolated.^ 

Nickel Pyrophosphate, Ni.,PaO,.0ll2O, results as a green amof' 
phoiis powder on adding sodium pyrophosphate solution to one of a 
nickel salt. It is soluble in^xccss of the former reagent, in mineral 
acids, and in aqueous ammonia. It may be obtai^'.ed in the crystalline 
form by dissolving in sulphurous acid and rcprccipitating by boiling.’'* 
The anhydrous salt is obtained by igniting the double ainmouiaeal 
orthopliosjihate. Its density at 25° C. is 

Several thiophosjihates of nicki'l have been prepa’-ed. 

• Nickel Thio'^orthophosphate, Ni 3 (PS 4 ) 2 , is oblaiiu'd by heating 
t he requisite quantities of anhydrous nickel chloride and phosphorus 
pentasulphide in a retort ^ : 

3 NiCl 2 + 2IVS5 Ni3P2S« + ‘-PSCI3. 

The thiophosphoryl chloride distils over, and the residue is freed from 
nickel chloride by treatment with hydrochloric acid, washed and dried. 

The salt yields brownish black crystaU ne plates, which ignite on 
heating in air, e\'olving sulphur dioxide. 

Nickel Thiopyrophosphit^*, NigPaSg, may be obtained^ by luat- 
ing nickel foi' forty hours with sulphur and ])hosphorus in sealed lubes. 
It forms brilliant grey hexagonal crystalsof density 2*4. They are very 
rc'sistant to acid attack, even to nitrohydrocliloric acid. 

Nickel Thiopyrophosphate, NioPgS,. has been obUuned in :■ 
similar manner to the preceding cempound ® by heating for twenty-t^’ ' ■ 
hours. It is a deejj brown crystalline powder, which is attacked by 
'nitric acid at 150° C. 


NICKEL AND ARSIONIC 

Nickel combines with arsenic in several different proportions, 
yielding arsenides. 

Tri'*nickel Diarsenide, NiaAsg,” is formed by i educing nickel 
arsenate or a mixture of nickel oxide and arscnioiis o^ aic witl; potassium 
cyanide,’ and also when reduced nickel is heated at 800 1400° P. in 
va})orised arsenic chloride.** It is a grey subsiaiice, which melts at 
1000° C. ; density 7-80. It is soluble in acids and fused alkalic's. 

Nickel Arsenide, NiAs, is formed by the af)ovc method at 400- 
800° C. • It is identical wit^ the mineral niccoUte or nkkcUnc,^ and has, 
like it, a red colour. Density 7*57. 

Nickel Diarsenide, NiAs.^, occurs in nature as chhanihiie and 
RammeUbergiie. It may be prepared, by heating nickel arsenide and 
arsenic in hydrogen at a decreasing tenqM^’ature, being formed as a 
grey [lowder as the temperature falls below 400° C.^® 

’ Ouvrard, Ann. Chim. i'kys.^ 1889, 16, 323. 

‘ Schwarzenborg, Annakn, 1848, 65, 168. 

3 Clarke, Ainer. J. Sci., 1877, 14, 2SA 

♦ (jiaticl, Zeiisch. anorg. Chem., 1893, 4, 186. 

^ Forrand, Ann. Chim. Phys.^ 1899, 17, 388; Bull. Sac. chim., 189.6, 13, 115. 

** Ferrand, Oompt. rejyjl., 1890, 122, 880. 

’ Deseamps, Compt. raid., 1878, 86, 1(152, 1065. 

* Vigouroux, Coin.pt. rend., f908, 147, 420; Friedrich and Ih'ruiigsfun, Mdallurgk, 
1907, 4, 2('^); Granger and Didier, Conipl. fend., 1900, 130, 914; liulUkoc. chim., 1900, 
23, 5(^0 ; Wohler, Ann. Chim. Phys.,*]S‘i2, [lij, 51, 208. ^ 

® Vigouroux, loc. cil. , 

'' io Vigouroux, loc. cit.\ Beutcll, Centr. JUfin., 1910, p. 49. 

VOL. 12^ I 
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JMablc Penta«<nickel Diarsenide, has Ix'oii (L‘scril)C(l. 

Nickel Arsenite, .‘LNiO.AsJJ^. llLO, is obtained as a. ifiven ])rc'eii»)i' 
tale on addition of an alkali ars('ni(e to a solution of a nickel salt.^ 

Nickel Orthoarsenate Ni.j(As()^)o. 811^,0, occurs in nature as the 
niiiiei'al Jiuiuhi'nuft’. found at Annabcriv in Saxony. It may be [ire- 
pared by addilion </ ammonium arsenate to a nickel salt, ilu' solution 
bi'inir ki'pt neutral. If ammonia is present in excess the molecules of 
water ar(‘ partially replaced by ammonia, yielding hydrated a'mmoniates, 
which are insolubh in water, but readily soluble in acids and in ammonia. 
The I’tvllowinif anuuoniatt s have been dislinijiuished ^ ; 

iNiJAs()4)„.NIl,.7HA Ni,(As04)2.‘JNH3. (111,0, and 
Ni3(.\s()4),.:iNIl3.5.Mo(). 

NICKEL AND ANTIMONY 

Nickel Monantimonide or Nickel Antimonide, NiSb, may be jux - 

pared by direct et.miiinaliou of the ehanents or by liealiiu,^ nickel 
to 800 ' C. in the vapour of antimony tiiehlorid(v’ It occurs as reddish 
violet ery.stals. which are uon-ma.enetie, and of di iisity 7-70 at if It 
luses at 1100 C. and deeomjioses at LKJO^ C. Chlorine and oxy^'en act 
on it at red heat, and warm concentrated nitric or sulpimrie acid 
decomposes it. 

The freezinn-point curve of nickel and antimony iudieat('S the 
♦‘xistenee qf several other antimomdes, namely, Ni^Sb,, Ni.jSb, and 
jio'ssibly of Ni jSbj.'* Ni.,Sl) may also exist. 

Nickel Antimonate, NiSb.A),;.5iIoO, is obtained by pn'eipitaliti;^' 
nieki'l acetate with a lohitioii of antimonic acid.*^ Tlie preeijiitate is a 
^U’cen mass, which becomes darker on dv'sieeatiou, Imt yieldim: a pale 
f^reon jiowder. \Vheu dried over sulphuric acid it loses three mohciiles 
of water, yielding the dihjnhak, NiSb,Og.2llo(). Another molecule of 
water is expelled at about lOO'’ C. and the salt l)eeomes auliydrous at 
aliout 800 ' C. ^ 

Nickel Thioamimonite, NigSb^Sjj, is obtained by vt’^'^'ip'lntiou 
Iroui a solution ol a nickel salt with, a dilute solution of potassi\un thio- 
antiinouite.^ It is readily oxidised, and a ways contains potassium if 
prej)ared from conceiil rated solulionsi 

Nickel Vanadate, hNiO.Ahp^, is obtained by fusing a mixture id 
vanadie acid, nickel bromide, and a large^cxeyss of sodium i)romi<le, 
and wasliing the cooh'd [mxluct with dilute nitric acid.'® The ervslals 
remaieiug arc b) the form of green ])rismalie needles. They do not 
melt at a bright red heat, and are insoluble in hot ijitrie acid. Eusetl 
potassium carbonate slowk/ attacks them. 

^ Fridciricli aial lk’nnif;s(»n, hr. cit, 

e Peynoso, Com}4. rend., 1.S.X!, 31 , 68 ;’ (Jirard, ibid., ISr/J, -^ 4 , 918; ISO!}, 35 , m 
Ueichard, Jkr., 1808 , 31 , 2165. * 

Ducru, Ann. Chiw. rhja., 1001, 22 , 160. 

* Logsovv, ZciMh. ajiory. Vhern., 1006, 49 , ,58. 

•’ Viguuruux, Co)iip[. rend., 1008 , 147 , 076. 

” Lo.s.sow, he. cit. 

' PuHliin, J, riiifs. ('han. Soc., 100/, 39 , 528. 

** .Sf-ndcTciis, Bull. Soc. chim., I 899 , 21 , 47. 

'* I’oiigct, Cmirpt. rend.. ISOO, 123 , IO.I. 

A. Dittc, Compl. rend., |,S80, 96 , 1018. 
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NICKEL AND C ’ UDOX 

Nickel Carbide, NiX, h ap cndollicrMnc ('())ii|M)r..4.!, tlu* niolrcu- 
lar heat ol Idraialioii of wbifli is oOl* XU) Cals, II results when 
nietallie nickel and earlxm are heated toilet her,' llu* ojjliniiim tempera- 
ture of rormatian l)(‘inf»' a|)proxiniately 21(*()’ and (he maxinnmi 
earbon e()r:i('nt (i- 42 per eenl. At lower tcMuju'i'al nrc's diss<»eiati()!i 
tak('S j)lace, whieh is lairly ra])id at lOOO' but nmeh slower at !)()0' ( . 
lienee in pre])arinLj (he carbide it is essential fco cool rapidly, alth<'ni;h 
e^-'en the (pienehed ])r()duet eontains but little of (he earbift . , Further- 
more IIh.' carbide cannot be se))araled IVom the dissoeia'ad yraphile 
owiu" to the extreme loui^hness of the quenched [)rodiiet which refusi s 
to Ije powdered. 

The luekel-earbon system appears to be similar to that ot iron and 
earbon, and an alloy eontainin^^ I ])er cent, of earbon is so bridle that 
it can be broken by a hammer. Alloys containiny laryer ([uantities of 
earbon, on the otlu r hand, an^ tout'll.- 

Nickel Tetracarbonyl, Ni(C()),,, is obtained when earbon mon- 
oxide is passed o\’('r nietallie aii kel ^ in a linely di\ i(led eondition, such 
as is obtained by the reduction of nickel oxid(‘ in hydro^iai at l-OO ' It. 
the liest tem|i('rature tor obtainini^^ the carbonyl beinn about dO al.) C: 
'Pile carbonyl is condensed m a. cooled vi'ssiT TIk' n'aelion n ly be 
ailvanlayeously earritd out under a jiressure of 2-100 atna spla ris of 
earbon monoxide, in whieh ease die temperature may bc' raised e 
> to 250' C. wiihout b-ar ot deeoiu|)ositi(.Mi.'* 

Nickel earhonyl is a. colourless licpiid, boilimr at 4;F2 ’ and solitlil’y- 
]:v^ at - 25 ' C." Its density is 1*01X5 at IT"" C. At 50' C. its vapour 
density eorresjionds to the Ibrrnula. :\:(C()), \\hen determined in \’ielor 
]\Ieyer’s apparatus." In a.n atmosjiherc of earlion monoxiik' ils density 
is noi’inal up to lOO'"’ (!., whilst in nilroyen ils dissoi'iation i"' practically 
eomph'le al 155^ VJ- 

Nickel cjirbonyl reacts slowly with eoneenl raled .>uiplmrie acid, 
yieldiuL^ eaioon monoxide, hydroiicn, and nickel sulphate.’^ 

Ni(C()), -1- II, SO, - NiSO, f IL 4 ICO. 

Solutions of nickel earbou\1 in eartion 1(1 raehloridc' react ..ilh 
ehlorliu; liromiiu', or i< Kline in similar solution, yieldini^' carbon monoxide 
and tile anhydrous halide.* Tluu : 

Ni(CO), X CL NiCL f tCO, 

Moist a,ir dec’oinposes the earbouviu' as does also carbon disulpfiide.'' 

^ RulT and W. M;i.rtin, Mfi(tUurtjiv, ttUl*, g, 1 ; *l»uil’, />’»;•., l!)12, 45 ^ Ruff 

and (lOistc'ri, her., RiPt 46 , dOU ; R#(l, Itoouann, :tiul Kciliy, Zi il :rji. fhinnj Clnin , 1!)14, 
88 , Rriiu'f and Si'uirlct, J. (’him. j>lnjs., ltU5, 13 , Iir)!. Sou also tViodt-T?? and 
Loroiix, Mchdlurfjie, iff. 

" Prk’X’ioli and la'roux, loc. ciL 

3 Mend, J.MnG;or, and (^iiinoko, 7Vnrt.s‘. ('fu>ni. Sot'., tS'.X), 57 , 749. • 

* Dewar, D. R. — P. i41)95!); ('hrm. Sm:. 1904, 86 , ii, ISS. 

^ Dewar and Jones, IJror. hon. Soi\, I'.MJ, 71 , -I'll. 

Mond, hanger, and Quincke, luc. ril* 

^ Dewar and Jones, Tr‘t>is.*Clicm. Sor., 1901, 85 , L’olt 

** Lenlifr and Lous, .Imrr. ('hrm. J., IW9, 22, 111; .MumI, iS'ur, Chtni. Ind., 1S92, 
II, 760; Rertlielot, ConipL raid., isi5l, 112 , 113 , 079. 

^ " Tilts reaction has been fully studied by Dewar and Joiie.s, Tram. ('han. Sor., pjlO 

•97, 1220. 
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When inhaled even in small qiiantilies the vapour of nickel eai’bonyl 
is very ]V)isonoiis,i heinj^ dee<vn]U)sed in Die linyjes to carbon nionoxivlc 
and a nickel dcriAilive- possibly the basic ear])oJialc. ' 

Nickel Carbonate, -AMkmi s.)lutions ol nickel salts r,rc 

ircaltid with ])otas.si\nn or sodium earlMoiate, basic nickel carbonates 
an' ])rccipilatc(L their ('oinpositions VMrviiu^f accontiiui; to circiunstanc('s.“ 
'rhe normal hcxahydral('d carbonate, XiUOv.OlLO.Js dbtaiiust when a 
soluli(m of sodium hydrogen carbonate saturated with carbon dioxide 
is added to one of nickel nitrate and Jillowcd to stand at a low tempera- 
ture. It sej)arates in mono(‘linic crystals, winch lost' water on warmini;’. 
The Irihy lratt', NiU().j.:iH.p. is also known. The anhydrous salt 
results when nickel chloride solution is healed with calcium carbonate 
to 150' It crystallises in ])ale j^recn rlioinbolu'di'a. Double car- 
bonatt's havi' been prepan'd.-^ 

Nickel Monocyanide. Ib'duction ol' ])olassium nickelo-cyanidc, 

K, \i(UX)j, with potassium amalgam yit'lds a red salt, K;,Ni(('X); 5 , in 
which nickel appears to be monovalent. l'])on acidiiyinn'. an oran^^t'- 
yellow preci})itate of the monocyanide is obtained, X’iUX. It rcatlily 
oxidises to nit.'kel cyanide, Xift'X')^.'' 

Nickel Cyanide, Xi(C'X).^. - Wlien poiussium cyanide is added to 
,a solution of a nickel salt, a yn-een pivcipilate of nickel cyanide is 
‘])ro(hiced. Idiis .cadilv dissolves in excess of tlu' reaiicnl, vicldiii.n- 
))olas.sium nickelo-cyanidc, K:,Xi((’N),,. Solutions of this salt contaiii 
the complex ion NijCN),,. so that the above formula is probaldy more 

L. -erect thai'i ‘JKC’N .Xi(('N)o.'’ It crvstallises with one molecule, of 
water, K,Xi(UX').,.H.p. ' Density 1*875 at 11 U., a, nd bSTl at Jl.'5'('.'> 
It is readilv decom[»osed by tin.' addition of sodium liNpobromiti', 
hydrated nickel })erox’ide bcinc thnovn down as a black ])reeipitat(- 
(see p. 75). The eorrcs])Gndiny ‘cobalt salt is, in like circnmslances, 
oxidised to the stable cobalt i-cyaiiide which remaiirs in solid ion. This 
fact is juade use of in se])araiin<*' nickel and cobalt in (jualitative 
analysis. X'ick(‘l docs not yield stable salts correspondinjf to the 
ferro- and fcrri-(\aniili's. 

The tetrahydratc, Xi(CX) 2 . HI/), si'parates after jiroloii^ed standing 
as steel-blue Icatlet. from a cold, aqmous solution of nickel suljduite, 
potassium cyanide, and ammoiiia.'^ 

()n prolonged standing the amnioniacal solution of nickel cyanide 
deposits crystalline needlis of the ammoiiiate, 2 Xi(('>i) 2 .'JXH;,.ll/). 
This, at C., is converted into the anhydrous cyanide.*^ 

Nickel Thiocyanate, Xi(( NS) j,. has been obtained in tiie anhydrous 
condition as a cnoeolat e-coloured amorjdious jKjwder.'' 'I’hc hydrated 
salt, ‘jNi(SUX).,.8ll/), obtained by dissolving nickel carbonate in thio- 
eyanic acid is a yellowisli brown crystalline powiler.'^ Donlile salts 

^ Analt, ./. Ihi^iiciir, 1007, 7 , 

* tterlhirr, Ann. Cfiim. 7V(/y.s,, 1820, ij, 01 ; Lidort, Coinid. rend., 1818, 27 , 

^ Naniv, Ann^Cfiiin, Vhyi^., 1012, Iviii], 27 , 5j lOl.'l, 28 , 77 ; Ilusf, ,/. j))aKl.,Ch(:)n., 
18.72,55,222. 

' 1. I’.i'lhu'c) and Cim-lli, Alii IL Aceud. Lincai, 1013, [v], 22, ii, 485. 

' [U)e,A, (lazzdln, 1015, 45 , ji j, 0. 

('laila', Anicr. Sci., 1.877, 14 , 280. 

‘ 1\. A. llnfinann and lldchtlcn, Her., 1003, 36 , 1M9. 

“ lli'jnouilli and Urotlier, Ohcni. Zcil., 4001, 25 , 430. 

* Urosstn.inn, Her., 1004, 37 , 550. 

Rost'ulieini aiul Cohn, Zeiiich. (uiorg. Chem., 1901, 27 , 280. 
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witli potassium, sodium, aud ammouuuu haN*^!' hoou o])(ninod, as Jiavc 

ai ■() amuioiua dcrivaf i\ (.'s.^ * 

Nickel Thiocarbonatc Hexammoniate, Xi('S.,.;;MI... is j)r( joiicd - 
by nc'iilly wariiiiiiL! iii(*k(‘] liVvlroxidc wiHi a(jiu-(>us aiiiUDiiia and (*arl)(»n 
disulpirair. Il ciTsI alliM s iiuruby n‘d, transparent needles, \\lii(‘h are 
hut sliolilly soluble in \\al<r. On warming-, carbon disulp 1 iid<‘ is 
c\’olved. r[)ou ex'iosuH' to air botli auiUK uia and ('arl)on disulj>liid(' 
escape, 

NK'KKL, SILICON, AND TIN 

• Di-nickel Silicide or Nickel Subsilicide, Ni.Sb is oblaitusi by 
licatiuijr nickel and 10 [ho* c(‘nf. of silicon in a. caib(»n cr nable in an 
('Icctric rurnac(‘.^ It is a slabhe stce 1 --^rcy su]islanc<\ ilensily T-‘JI at 
17 ° C. Fluorine al tacks it willj incamk'scence at, ordinary l<‘mpcra- 
turcs, and ehlorim^ at red licat. It flissolvcs readily in li\dro:'(‘n 
fluoride, less so in b.ydroncii cblorid<‘ ; a(jua reuia. dccom|)oscs it conn 
plel ely. 

The rrcc/inff-])oii!t curve of nickel and silicon indicates the cxistf'nce 
of sevend other suicides, mmu'ly, Ni.,Si, Ni.nSio, NiSi, aud Ni.,Si..’ A 
.sH(ci(h\ Nh\Si, has b(\ n isolaUsl/'’ Density curves,'’ lio\ve\'er, 
apparently indieate the existiaus' of lhr('(‘ silicides oul\’, nanic'Iy, Ni,.Si. 
Ni.Si, and Ni .Si... 

Nickel Oribosilicate, Ni.SiOj. has ]*ccn ])repare(l' by ])r- lonyed 
hcatinii l() rcdiu'ss (»t’ :.inorphous silica intimately mixed with niekO 
oxide and chlori(h'. It yiedds yrei nish yellow cryslals ol'o-nsily I S' 

An acid ' ilicatc, of coinposi) i;n> XiO. r>Si().>. ill.,(), is dv sci-ibed ^ as 
i-esidlinn’ by the inb-rac|ion of sotliiim silicate and a nickel salt in 
.,.'|ueous sohi! imi. 

Nickel Fluosilicate,^ XtSiFg.GTI/), ami Arsenosilicide,"^ NiSi,As, 
ha\a' been doscril.'cd. 

Nickel Stannate," NiO.SnO .all/) : Flunstannatey XiSnF,;.(;II >0 ; 
aud Clilorosianna'te, ' ^ XiSnCl,;.on.,0 arc also known. 

XICKFL AND DOHON 

Sev{'ral borid('s of nickel arc known to sc'icnee. 

Nijckel Monoboride, NilL ishbtained as brilliant ]>risms of del.^i!y 
7 ‘.‘ 50 . by.hcat iiyu' luckcl and boron in mi clecliic furnace.*'' It is decom- 
posed upon fusion wiln alkali. , 

Hy hcalini^’ mixtures of nick(‘l and boron in a current of hvdi'o'^e-n 
at 1 100-1*200 ' C.. (In .lassonneix “ has prepared two '-oridcs oi jvckel, 

^ Iloliail'. J. Plupii'nl Chem-., IDl.y 19, •'>37 ; Wetls. i/urr. tlHiJ, :>(;L 

\XiAdvn, /jrit.ii'h. 'tiiorij. ('Item., I'.MM), :r;:{ ; Mi il/.ci.otnrlT, Anihiltn, |S12. 56, (i.'C 

2 \Vicil(' atnl K. A. linfiomin, /gil.fih, unio';. t IS'.I.', n, :{7a. 

^ Conipl. rend., ISSV^ 121, (is'd ; Chiui. I'ltif.-i., jSDT, [vii], 12 ]„,:i 

'* (iiiortler {iM(l Tnnmjami, Zeit.'^ch. (Om/;/, ('In in., IIKKI, 49, 1)3. 

Vi'jnai’fiux, ('am pi. rend., lUnCt, 14;, |:! 7 n. 

'' Ki'jfley, Jieeae Mflulhir./ie, till I, 8, 1.77. 

’ OoiirL'i'ois, Com pi. rrml., ISSl), lo-S, 1 177. 

* Hausliofi't, ./. prald. Clnm., I.SiKl, 99, 212. 

® Mari^nac, Ann. A1inr.<t, 1871), 15, 2<»2. 

Wiakter. ./. 'prnld. 91, 2().i. 

Xid* Dit I )*, C rr?a/., 1883, 96 , 7 ni . , 
n.l* .)()ruon.son, Hull. .\l:it<l. lU nmarf. lSil. 7 . «5, fi. 

’ (''ompl. rend., 1800. 122 , 421. 

97 , lip" J-wsi’niicisC'cm;'*- rcii.l., 1111)7, ni, 2111 ; Amt. (Vtiin. ntj... ItliK.l^ IviiiJ, 17 , 17ii. 




,^nan?rly, tlic Sub-boride, *Ni2l3, and the Diboride, Ni1^2- The former 
yields sninll. slender, yellow ^leietihir cryslals of density .S*0 at 20^ €. 
Tli(‘se lire slii^hllf* oxidised hy moist air, but are violently attneked by 
nilrie aei«l. Ifnlieations^have been obtained of the formal ion of a 
aestjinhnndr, NiJfj-* 

Nickel Borates., Several borates of nickel have been deseril)ed. 
The Ictmhornir, Ni 0 . 4 H 203 . lOlI/), is obtained'-^ l^y idow evaporation 
of a solution of nickel carbonate in boric acid. The preoipitatc first 
formed becomes crystalline ^(radually, yielding small brilliant and 
clear ^reen crystals; soluldc in cold water, biA: bccominjj turbid at 40'" (\ 
On fii^in^r niclv^'U'hloridc or ear))onatc with molecular proportioBS 
of polassiiifn hydrogen llur)ride and boric oxide, <Tr(‘en ))risms of 
ttNiO. lk();{ arc obtained.^ They arc not attacked by hot water, but 
dissolve in acids. 

A (libnmlc. NiO.'ilfPj.fill^O, has also been obtained.* 

(’hloro,^ bromo,'* and iodo® borates arc known. 


Nickel borate has been recommended as a catalyst in the hydroj^ena- 
:ion of unsaturated oils (sec p. 0.5), but its action is attributable* to 
liekel liberated by the liydro^nm,® ami n(»t to any inherent catalytic 
pow(‘r of the horate itself.^ It offers ifo ifdvantai^e over niekei oxide.® 


DKTEdTON AND ESTIMATION OF NICKEL 

Detection. — Dry TrM. Niekc*! salts arc usually i,n’cen in colour 
Vherj hydra'icd, hut yellow wiien anhydrous. Tlaw imparl a reddish 
brown eoloifr to tin* borax bead when heated in tlu* oxidising; llame of* 
the blowpi[)e, but dark and opa<pie in the re(luein<» (lame. 

Jf'rf Tests. Tor tnc detection of minute quaidities in an allo}^ 
Fortiui ree(»mm('nds the af>plieatiV‘)ii of a drop of tlu* foliowinj^ solution 
upon the slightly oxidised s\irfaec of the metal, namely ; 

* . 0*5 gram dimethyl glyoximc. 

5*0 (r.c. !)8 per cent, alcohol, 

5 0 c.c. cone, ammonium hydroxide. , 

Traces of niekelioxide yield red specks in n few seconds, before any"" 
copper which may he {)resent has hud time to mask the reaction by 
yielding a bine colour.® 

III qualitative analysis by wet methods nickel is prccipitaticd from 
its solution as black, hydrated oxide, a’s explained under Cobalt 
(see p. 75). 

Estimation.— Methoik . — A conveuiont method consists 
in decomposing a solution of nickel salt with sodium hyjiobroinite as 
explained on p, ll«S, and either reducing the oxide in a current of 
hydyo|Ton and weighing as metallic nickel, or by ignition in air. and 

1 (tiobollinuson, ZcHsrh. anorg. Chm., 1915, 91 , 2.51. 

» Ditto, Ann. (Mm, Vhyn..\%^'iy 30 , 248. Hcc alfto Rose, Fogg, .4wnflffcn,J853, 88 , 
290. 

* Ouvranl, Compt. rend., 1900, 130 , 335. 

* Honssoau and .Mlairo, Compt. rend., 1894, Il 8 , 1255; 1894, 119 , 71. 

» Allairo, ibid., 1898, 127 , 556. 

* Ni)rmann, Soc. Vhem. Ind., 1915, 34 , 722; from Seffensiederzeit, 1915, 42 , 46. 

» Krdnwnn and Hack, ibid., 1915, 34 , 722^ from SfifrnmdtrzeU, 1915, 42 , 3. 

^ K>ntraflt Schonfold, ZtiUrh. angew. Chem., 1914, 27 , 601. 

» Fortini, Chem. M., 1912 , 36 , 1461, Compare Riaa^hi and Di Nola, Bvll ; 

1910, 40 , 517. 



weighing as the monoxide, NiO. Nickel also be precipitated 
its ammonijjcal or acetic acid solution by jfddition of an alcoholic solutioiii! 
of*x-diinethyl glyoximc. The volurr:noe*s scarlet precipitate is filtered 
Ihroui;}! a Gooch crucible packed with asbestos aiio dried at 1 10'^ to 
120'’ G. The nickel is cithei^ weighed as C\14|,N,,0 {Nir which containfJ 
20-8.’l per cent, of rnetaV ttl* ignited aiul weighed as oxi(h‘.“ Kveii ' 
more sensitive Js a-diphenyl glyoxime (a-benzil dioxime), which gives 
with nickel cofnp.^unds a bulky red prccf[)itatc, insoluble in water, 
alcohol, ac*ctonc, ammonia, and 10 per cent, acetic acid. It becomes 
reddish yellow on boiling^ One part of nickel per 5,000,000 of water 
may be detected by this reagent.^ The estimation of nickel is co»duclcd 
?u a [weeisely similar manner to that with the dimi thyl dt;ri#*;itivc, the 
prcei])itatc being dried at 1#10'’ to 11*2"’ G., and containing ib-OO per cent, 
of nickel. The formula of the precipitate is G 2 iill 22 N.i 04 Ni. 

VolametrU' Mdhnda . — Nickel may be conv«;nicntly (‘slimated volii- 
metrically in the absence of cobalt, copper, silver, gold, and tbe platinum 
metals by means of potassium cyanide.'* The solution containing the 
nickel is, if acid, neutralised with ammonia and some ammonium sul- 
phate is added to render the indicator more sensitive. A little ammonia 
is mnv addt'd, and a few drops of potassium iodide and silver nitrate. 
Tlv’ solution becomes turbni In conseipienec of the pre{‘ipilalion of 
silver iodide. The li(|uid is now titrated with potassium cyanid^ 
solution until the turbidity just disappears. The reaction (onsisls in 
conveiting the nickel salt into the double cyanide, Ni(GN) 2 f 2 lCGN, 
after which any excess (d‘ potas'^um cyanide attacks the silver iodid(‘, 
yielding the soluble double cyanide, AgGN.KGN. 'I’Ik! niSappeai'<fffa5 
of the turbidity therefore indicates the complete con\’ rsion of the 
nickel salt.'"' A slight cornclion is necessary l\jr the silver introduced. 

Elcclrolfilir Methods have been eniployed.*’ 

^ For (F'tails of aiuilysin^? an ore containing eolmli and nickel h»‘o p. 7a. 

^ Hniiiok, Zeitfirh, Chcni., 1914, 27, 1115 ; 1007, 20, SlyJ, 184.5 ; niieud, 

1910, 35, 07. 

Ata(;k, (’Item. Zeit.t 101.1. 37, 77.3. I 

* Soo 'r. Moore, (Uiem. .Vc«.w, 1880, 59, IfiO, 202 ; 1805, 72, 02 ; f'rtiiipbcll and Andrews, 
J. Anter. CUbn. Soc., 181)5, 17, 12.5. For the eHfiitiiition of nickel in presence of inm by 
this proccKS see F.rearky, ('hnn. AVm’.s, J800, 74, 10; Saigoujt, ./. Amcr. ('hem. 

ISOO, 21, 851 : 0. M. dohnson, ihid., 1007, 29, i;;01 ; Douglifiiy, (’hem. Setrft, 1007, 95, 
201; r.iinpbcll and Arthur, y. .4 racr. A'oe., 1008, 30, 1110; .Jamieson, 1010, 

32, W. 

* F»r other volumetrio methodfl soc .Jamieson, J, Amtr. (^hcm. Snr.., 1010, 32, 757.f 

Wnr«l, Amtr. .J. Sa., 1012, 331 3.34. , 

* .See Mellor, A Treotiye an (^itnntitalire I lunganic Atiahf.<^^is (Chos. riiiflin ;ind Co., 
1013); .Marsh. J, riigdcul ('hem., 101 J, 18, 71" 



CTIAPTKU IT 

RUTriENIUM AND ITS COMPOUNDS 
lUITIIKNIUM 

Syrnl)f)I, Hu. Atomic weight, l()l*7 {() — 10 

l • 

Occurrence And History. The name riitlu jnnm is due to Osannd who 
nhtained what h(‘ believed to he lh(‘ oxide of a new na tal from tiu' 
Ural |)laf ilium ores. This oxide was subsei jiuntly in vesl ii^Mted by 
('laus,*^ who found that, altliouirh it contained a hiudi jiroporlion of the 
oxides ol‘sili(*on, zirconium, titanium, and iron, it neverl heh'ss possess(‘d 
a small quantity of a new f»xid(‘ for which he retained the name used 
by Osann. 

Iiuthenium (H'curs alloyed with platinum on‘s and osmiridium. as 
indicated in th(‘ tables of analysers (pp. 2aS). (’ombiiu'd with 

^sulphur it is found as tlu' ra.r(‘ mima-al hnirife. Hu.S.j,® which o(‘curs in 
^jilatinum washin^^s in Horneo and ()r<‘iron. 'i’hai ruilienium is present 
in (‘cles^tial bodies is cvidiaiccd by the fact that it was deteeti'd in th(‘ 
Perrvville siderite diseovcri'd iii 1900 tscc* this volunu', Pari II). 

* iPreparatK>n. Huthenium may be (!on\ t niiait ly pn jiari'd from 
osmiridium, Nrhieh is an alloy of osmium and iridium conlaininir small 
proportions of rhodium and ruthenium, the last named amount ini; in 
some cas(‘S to i\ per cenr. (sec analyses, p. 20H). 

'riic alloy ^ is heated to u*white Iteat with four or five times its weii;ht 
of zinc in a carbon crucible until the vapour of zinc ceases to be evol\ (*d. 
The friabh* i\jass left is crushed aiul heated with a mixtun^ of barium 
dioxid(* and nitrate to about 900^.’ in an earthenware erueible. On 
eoolin^r, th<’ ])owdered mass is treated witli dilut(‘ hvilroehlorie acid, 
can' beinjjj taken to keip the temperature down by imnu'rsion of tiu' 
containinir vessel in 'cold water. A 'fuine-eupooard with a powerful 
draught is desiraldc in view of the presence of poisonous osmie. ti'troxide 
in the cNolveil vapours. 

^Vh(‘n the reaction has subsided, nitric ^and^ sulphuric aeicls arc 
added, whereby barium sulphate is i>rA*ipitatcd. The clear solution is 
decanted and distilled until one-quarter of its volume has be( n eolleeted 
as disttllilte. 'Fhis latter liquor is rich in osmium, and may be worked 
for that metal (see t>. ‘20S)r. The residue is evaporated to small bulk. 
Ammonium chloride and a small quantity ot" nitric acid are added, and 
the n]ixturc evaporated to dryness oh the water-bath. A violet-black 
crystaUi'nc solid is obtained which is washed with water half saturated 
with ammonium chloride until the filtrate is colourless. The insxilublc 
residue consists of fairly pure ammonium chlor-iridate containing 
ruthenium, from which the spongy metals are obtained by ignition. 

* Oannn, Toj/f/. Annaleny 1828, 14 , 320; IS45, 64 , 107. > 

* Claus, Avnaten, 1S45. 56 , 257 ; 1 840, 59 , 234 : /Vjj;. Annohn, 1845, 64 , 102 200. 

» Wohk'r, Annale iy 1800, 139 , 116. 

* Devillo and TVlmiy, Ann. Chitu. 18,70, 56 , 385; 1861, 61 , 5; Comjyt. rend,. 

1837, 44 , 1101 ; 1870, 83 , 026. 
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tttrfgm (?0MP0tJiri>S ' 

Ik now remains to separate out the ruthcngim. This is accomplished 
1^’ fnsincf ^^ith potassium fiydroxide and nitrate, host in a silver crnfiblc* 
irtd subseqiu'ntly dissulvimj in walia*. ♦'riu* snlnl'ii^ r.btained has an 
orani^e-ycllow colour in c(yiscc]nence of llu' prrscn^i' of potassium 
rnthenate. Tliis colour is removed by (1#‘ addi.i«»n of julrlc acid, 
rntlicniuin (vvidc siparatin^^ out. li»nition in a Lfraphiti' cn?(ai)l<‘ with 
a little chalk yi('lds tlic free ruth(‘uium, tlu‘ chalk^ combiniuLr with any 
silicon, chromium, "ami osmium that may have been pn scnl. 

Further purilaation may lx* effected tiy one or mon* a<l(litional 
I’lisions of the metal with ]X)tassin!n hydroxide a?ul nil rale. 

As oljtained in this way the metal is not pi.re.^hiit .ontaiiTs small 
(jiiantities of alloyed ehanents such as o'^niinm aiuT iiiilimn. 

('li(‘tniraU}i Purr h*uth(fnum may lu* ohlaimaP IVom llu* fort'jLtoin‘y 
by mainlainint: il . in tlu' form of a liiu* powcha*. al a dull i(‘d heal in a 
eiirrent of oxy^aai for about three hours, wh('r(»l>v the osmium coulcnt 
is (jiiau(itati\i'ly o\i(lis(‘d to tlu‘ \olatilc ttlroxide, OsOj. which is 
(Irixcn oft. Tin; ruthenium also nndertfocs partial oxidation, and is 
now r(‘(ln(M‘(l in a current of pure hydri>iren. It is llu n fns( d. pia h rably 
iii a silver vessel, with <*xe<‘ss <»f potassium hydr<‘\ide ;ind nil rale, 
eo')le(i, and extracted \\it*i ^valer. 'ria* oranec •eoloms d solniion. 
eont ainiiiL;* potassium nithenale, is f^anlly distilled in a (airnad of 
ehlmiiu' whereby volatile rnth< ninm b lroxich^ is piodius d, and i v 
absorbed in aqueous potassium hydr(;xide. Since all tla* osuiinm has 
beon removed, t be (list :!l;il e of rut heninm let roxid(‘ is ( >.e< 'diufrly pure 
for the residin' contains no otiitr metal yieldiiuf a voi^dile pi Mtiiel 
under these eondilions. l^pon addition of abs(>lnle ."leoliol to t fie 
potash sohdiiUi “ a bla<‘k jirccipitate is ol>tained eontainin^ nillu'nium 
Jii a nnac or less eomplcti'K^ reiinced eondit iong rediiet ion beine; (iiially 
eom])leled by ii/iiition in a current oJ' pure liy-boeem 

CrifstdUiur Ruthruium may lx* (otaims^ by fiisino the nu'lal wilh 
excess of tin in a carbon crucible, whereby the conpxmnd, ItuSiUj, is 
Ibrnu'd. 'I’rcatnu'iil with toiling' hydroelilorit' acid rcpiov*: > the txci'ss 
of tin, and the iinattackcil residin' ol^HiiSn-i is iyuiiled in a c'lirrcnl of 
hydna^cn Jiloridc. 'J’lu' comhiind tin is toi reby removed as a volatih* 
chloride, Icav iiiL^ Ix'hiinJ crystalUnc nil heninm.'* ( uhie and fernliki' 
crystals arc obtained by i^m’ti»»n of tlK^iinely div ided metal at ;i liieli 
temmralurc wilh borax aiul pyrites.* * 

Pn 3 (sical Properties. In the conijiaet form lullnninm is a. hard, 
brittle metal, rcsemlJinjrf phitimjm in appearance and lustre. When 
powdered it has a dull ^u’cy colour. Its density varies greatly accord- 
ini' to its ])hysical condition, as is usually the ca^e. .Afb'^ fusion, 
the value rj()().3 has been obtained.^ ]>alladinm, nitlnnium 

readily occludes ^'ascs, and when used a^eatlnxle in tin* elecln»lysis 
of acidulated water it absl)rbs tljo hydrop'U, n tainin^' it hjr a louf,' 
time.® 

* r.utbier and Trenkncr, Zeitsch. aryonj. ( hftn., KKir), 45, IfUi. 

2 It ts important to onauro complete solution of tlit* ruf hi niiini U ffoxide. olfjf rH'isc 
the addition of alcohol causes reactions to take j»lace with «'>piu,‘<i\e violence fjlowe, 
J, Amf^r. Chem. Son., 1001, 23 , 7715 ; Gutbier and 'i'unkncr, lor. dl.). 

* Devillo and Debrat', Ann. Chim. PhyA., lsr» 0 , 56 , tl 2 . 

* Devillo and Debray, Con^U. rend., 187ft, 89 , •''jpo. 

^ Jolyt Conipl. rrwd.,'l803, 116 , 430. pther vnhjeH are S O for the por<>uH rnetaJ (Glaus, 
Annalrn, 1845, 56 , 257); 12*002 for tho metal obtained by redu<4.i(»n of the dioxide 
(V'iolle). ** 

® Cailletet and Collardeau, Ctmpi. rend., 1894, 119, 830. 
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^ T1i(^ spcripic licut of flic powdered metal between 0^ and 100° C.Ms 
>oep^I, and o-OaO.) for Hi(‘ compaet metal.' 

KnHi(‘ninm ni^y be |■nsed«in the oxvhjalronfen flame ®.aiul distilled 
II lli(* i lcrlrie funiMee,^ so lhal. its melting- and l)oilina'|)uints may be 
akeii as of lli(‘?)nl< r of ItOO' (’. and 2.'i*20^ C. respectively. 

'riie m<»sl intense lines in Mie spcelrum*of riitlienium are as follow*: 

Are: aM7-50* 31.2# r>0, 3t:}0*87, OtOOOO,. 8^)81 S, 350(r31, 


1080 78. • 

Spark: 2102*80, 2078*80, 2002-18, 2712*10, 2731*n, 20t5-70, 
^2!)0.j*70, 2070*70, ;i00l*r)8, 3700*71, S700 02, 3700*48, 4080*82, 
*4*4)000, 1*-W 00, 4372*40, 4551 74. 


% 

Finely di\ idl'd rnllicninm acts as a eatalj'ser, inducing, for example, 
the oxidation of alcohol to aldehyde and acetic acid in the ])rcsenec 
of air. • 

Colloidal Ruthenium. Hntheninm may he obtained in lh(‘ colloidal 
condition hy reduction of its salts in aqncons solution by hydrazine 
hydrati* in the presence of t,nmi acacia.^ Otla r reducin^r a'^cids may 
be employi'd for the same pnrj)os(', su(*h as acrolein. ‘‘ 

Ruthenium Sponge resnlts on i^mitioii o4‘ammoniiimchlor-ruthcnate. 

It. n'adily dissolves in a solution of hydro^i-n chloride saturatei! with 
^lilorine yicldiiiLf ha.l<\L»‘en derivatives. Ilydrobromie acid saturated 
with hnaniiK' likewis<' cITi'cts the solution of ruthenium spon«^e. 

Explosive Ruthenium is obtained by dissolvin^^ an alloy of the 
rm4al with f;xccss of zinc in hy<lroehloric acid. The zinc passes into 
sJmition, Icayim^^ mclallie rutlunium as a finc'ly divided, explosive 
residue. Unlike rhodium and iridium, rntlu'nium is exj)losiv(* even 
when prepared in tlie (fnlire ahseiH-e. of air. It .s(*ems hardly possible,* 
tlieretdre, that lh(' same e>])lanaUh)n for the explosivity can apply as 
for the first two nu tals (.see pp. 150, 230). Perliaps Ihmseifs oriirinal 
ex[)lanation is I lie eorn'et one, namely, that an unstable modilieation 
or allotrope*is lirst fornu'd, aiul that this is converted into the stable 
variety with eonsiilerahle heat e\*ohitioii.^ 

Chemical Properties. When heated in air ruthenimfi becomes 
covered willi a brown film of oxide aiw.!, on eookmr, “ spits in a siinihn'^^ 
manner to iridium and silver.^ I haled in oxygen, particularly wlien 
.in a‘line state* of elivision, it yields tlu^’ dioxide, lluOg, and at Otii'" C. 
sonu* te*(roxidc, IIUO 4 , begins to be formed. Previous ignition in 
hydrogen to a high temperature reduces th# velocity of oxidation of 
ruthenium. Miiu-ral acids have no action upon ruthenium, and aqua 
regia (udy slowly vlissolves it. 

When healed iu lluorine a volatile iluoride is formed, and in ehlorinc 
a chloride is obtained, posj^ihly the dieliloridc, RuClg. Ignition with 
potassium chloride in a current of chlorine yields potassium chlor- 
ruthc'iuvte, which is soluble in water. 


' Hunson, Po/77. 1870, 141, 1. 

^ Myliua and ihotz, Her,, 1898. 31, .3187. 

* Muls^aii, Compt, rend., 11)00, 142, 189; Jolv. ibid., 1893, n6, 430. 

* Kxner ami Hoschek, /We Spekiren dcr Klemente bei normaiem Druch (Leipzig and 

Wien, 1911). . 

^ Oiitblor and Hofmeior, J. praH, Chtm., 1905, 71, 452. 

* Oa.*»ton>. Zeitsrh. amyrt/, Chem., 1904. 41, r.31. . 

’ K. C'dien and Strengora, Zotsch. phiffdkai, Chem., 1908, 61, C98 ; Bunsen, ‘innafen, 
1868, 146, 265, 



Alkali hypochlorites effect the sohition«of ruthenium when 
hut the bfst mixture 1o employ consists of potassium hydroxieft ntftl 
ifitratc, a i^teen mass of potassium rulTieuale, beintf lormcd. 

'i'liis tiissolvos in water to ^u oran;^^'-eo|oured soluti( ^, which leaves a 
black slain upon the skin. ^ ^ 

Fusion with ]>olassium liydrouin sulphate is without ('ffc(‘t upon 
ruthenium, al4ho^ij^di in like circumstaiu^s riuftlium, palladium, and 
iridium a»e attacked* 

Atomic Vieight, .ifonitc HV/ij///.- That the atomic 
wci«ilit of rnthcniiim is jri|)proxiniatcly lOU and not a multij>lc or sub* 
• multiple of this amount is evident from various eonsideratious/liamely : 

(1) Its sjieeihe heat is U-OUll. Assuiuinif a mean ji.iouue heat o£ 
O-t, the atomic weight of ruthenium, aeeonlin^ to Dulonjjj and Pe tit’s 
Law, is af)})ro\imately 105. 

(2) The most ap})ropriate position for ruthenium in the Periodic 
Table is as the first member of the se<‘ond s(“ries of hori/onial triads, 
lienee its atomi(^ weii^ht should lie bel W(‘en that of molybdenmn (00) 
and rhodimii (102‘0), but nearer in j)i>ini of ina;.uiil nde to I lu* Iasi named 
since an element should be in (iroiip VII Ix tween it and molybdenum, 
but has yet to be diseoveir.l. ^ 

(.‘t) The alkali ehlor-nithenatcs are isomorphous w’ith tli(‘ ehlor- 
plati!iates, and therefore, by the application of Milseberlieirs Law, tlu / 
must be assumed to contain, lik<r the ]datinum derivatives, me atom 
of rulheninm, tin ir irt nerie ibrnmla beini( .M.^HuFl^j. Similarly, rnlher 
ium dioxide is isomorphous witii'eassib rile, SnO.j, and wijh rulih . ’rjlL," 
from wliieh it may be eoneluded that its formula is Kufl^. Analyst's of 
these etJinpounds ifulieatt? that the atomic weis^dil of ruthenium is lOL?.. 

Evdvl Atninic For many years live* aeeepled value for the 

atomic weight of rutlue.inm was VKI, a f;^rur<‘ derived from the work 
of Claus.^ Tliis eheniist decomposed [iotassium ehlor-ruthenitc, 
KrJtuClj, by heating' it in a str ain of iiydi'o^nn, noted the loss in 
weii^dit, and sejxirated and determined the aniouiits e>f f idheniurn and, 
jTotassiuin ehloridc in the residue. From his \ ;dues for the ])(‘reenla;,a;s 
of rutheirtum, potassium c hloride, and chlorine expelled, the eorn spond. 
in^ atomig weights dt^Iuecd fot* ruthenium areJtKb^, lOT-l, anti !i7*l 
respectively. Tiusc results are obvioirsiy of no j)reseni value. 

LSSO, Joly 2 delorminctl flic pereenta; 4 :e of ruthenium in tlinxr jaire 
ruthc^uum compounds, vi/, (i) ruthenium dioxide, KuD^, (ii) rullienium 
nitrosoehloriile, HufNO^Clg.lI^), and (iii) aninionium nitrosoehlor-t 
ruthenatc, (NILj).Jlu(NO)C l^. Tii c*aeh ease reduction to the metal 
was brou^dit aboul by hcatinj' the compound in a rtixam of h^fyilrci^enV 
The mean results wctc as follow ; 

4 o.\pt8. Ru : RnU, : : 70 000 : I()C) 000 ’ wlir nce Ku 10^668 

2 oxpts. Ru ; RufN0)C'lL 11,0 : ^ -^0 720 : 100 000 „ Uu - 101-734] 

2 expts. Ru : »» ^^lOrolS 

lo 1912, Vogt. ^ analysed tuthenium dioxide by reducing it to Ih^f; 
nieteil in a stream of hydrogen, obtaining as a mean six cxpcrim?‘nt»,; 
the following result * : 

’ Ru : RuO« : i 7G-053 ; 100 000 whence Jtu ~ J0163, 

n " * 

* Cttlns, J. prakt, Chem., 1845, [i], 34 , 435 ; Bull. Arad. Set. Petrf^rad, 1845, 3 , 354. 

2 Joly, Comp/, rrwfi., 18H0, 108, 940; 1888,107,091. 

* The antecedent data are as follow : 0-- IO CKjO, N^-- 14 008, Cl 35*457, 11::= 1 •OOTtfe.j 

* Vogt, Sitz. phy«» mtd, Soz. Erla-ng^n, 1912, 43 , 208, 



140 ■'; dOBALT, NICKEL. AND RLESfENTS OF PtlTINTjM 

^ The Iiifcrnalionul CorrMiiittoe for 1021 on Atomic Wci/;lits accepts 
lie (;iliic. Ru 101*7. FurMier (|{*tcTminiiti()ns of this r^iistant aiDC 
*lc‘/irlv (Icsirahli*. * • 

Alloys. Knli u niuni hu’ins a hoaiilifij crystalliiio alloy with tirij' 
vhii h is < io s< riict iin^ K is readily fornu'd by heatinc^ to redness 
n a eaibon eiiicible ()m<‘ pari of nitheiiiiim with 10 15 parts of tin. 

)k eodliii'A (h(‘ t'xecsV of liij is dissolved out by treatiuctnt with hydro- 
hlorie aeid, the residin' havin<f the composition re[)r(‘scnted by the 
.oriniila IJiiSii^. 

An alloy willi /ine was also prepared bylle\ ille and l)(‘bray. \\hieh 
yielded ' I k xaifonal jirisrns, and was eombnslible in air with ft'eblt^ 
de(la«{ial ioh. Its eoinposilion was not (h temiiiK'd. Hntheniinn dis- 
soIms in lead, but yi(‘lds no eoiiiponnd wilHi it. On treatment with 
aeid I lie lead dissolN'es, leaving t he ruth(‘niiim as a crystalline residue.- 

IMITIlKXniM AND TIIK irAL()(;KN.S 

llnth('niimi combines with all four of tlu* haloyen eh nients. 

Ruthenium Fluoride, IlnFo. n'sults as a volatile substauee when the 
linely dividcal metal is lK'al(‘d to rediu'-is ifi Ihioriiie. It occurs und(‘r 
these eonditioiis as a deiiM'. coloured vapour.’^ 

' Ruthenium Dichloride, HiK’L, was stated by ('lausMo result when 
chlorinv is passed over heated ruthenium. lb p(‘tilion of llu' expenmeiit 
by (inf bier and Trenkner'’ in ltH)5 led to no (h'linile ri'snit, varvini^ 
auipimts of ebloriiu^ beinjr absorlxal, Ihd always considerably less than 
theory reipiiros for the diehloride. 'Du' (‘Xpc'riinenls were liy no means 
cxliaiisliv(‘. an<l do not justify the assumption that the di(*hloridi‘ 
cannot be pn'panal in lliis way. As (iiitbier jxiints out, il is (piiti*' 
possible tliat a reversilih' nriet ion Mnk<‘s place between the nillu nimn 
and elilorine, thus : 

Hu I C'l., 

In view of the enlalytie aetiOly of the metals discussed in this 
voiiiuK' tile siil)j(‘et is worthy of moo' careful in vest inal ion. ^ 

Some forty years befor<‘ the disci, ‘very of rnllunimu by C’laiis, it^ 
had lu'cn observed l)\^ N'ainpielin that an azure bliu' colour is otitained 
by Ihi' jK'tion of zinc oti certain sohitioks. This was altrihuti'd ti^ the 
presence of osmium, but is now known to be a eharaetiaistie redaction 
tor triv ali'ut ruflienium. A similar colour is nbtaiued by the action of 
hydroireii sulphide upon ruthenium triehloridi', and was attributed by 
Claus ami .loly t«\ ri-diielion to the di<'hh»riile. 'I'his view is supported 
by Howe,’ who. however, has not succeeded in isolatin^^ tlie salt, but 
has obtained a ilerivative to which he jj^ives the formula : 

;KsC1.2HuCJ2.2IUX 

This sal^ is readily formed by the reduction of ruthenium trichloride 
in i\j\ eleelrolylic ceil, and imhiediately addiiy^f a concentrated solution 

‘ Dcvillo ninl Dobray, A/tn. Chim. 1S59. 56 , 3Si). 

* Dobray, Compt. rend,, 1887, 104 , 1470, 1577, l(>(i7. * 

“ Moissan, Ann. Chim. ISJll,. 24 , ‘24t>. ^ 

* AnnaUn, ISI.I, 56 , 257; JS40. 59 , 234; 1847. 63 , .350. 

’* tJutl>ior lyitl Trinknor, Zeitsch. auortj, 1005, 45 , li;0. 

* .loly. Com pi. nnd.. 1^>2, II 4 , 291, 

* Howe, J. Amcr. Chem. St c., 1901, 23 , 775. 
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of ciesiuin cliloiide to tlic blue liquid. A/ine^ircci]Mtate results, varying 
i^Colour rft)in a dark greenish blue to olive fiivi ii, and wbicli oxidises 
vdl\ ereat ritpidity, rendering analysis (fiHieiilt. 

Ruthenium Trichloride, dtuC'l ., iseonvi nienlly prej^ red by wjinninjj;^ 
llu‘ tel roxide with eoneenlr^^ted hy<lroeli!on(* aeid on the waler-balh. 
Chlorine is vigorously evolved, the reaetion ]>r^'‘“'‘(ling according to 
the etjuution : 

-i- inlici - 2]lu(’l3 I r>CM. I Sll-jO. 

'the rt'aclion, it’ slow io iieirin, may be started by the addition of 
tew drops of ale(^hol. (bitbirr prepartd the sail by t rc rd ine I lu' l^t 'oxide, 
lluOj, with 20 per cent. hydr(»iien ehloride- solid an • all^win^ it to 
stand niider redneed pri‘^si#;c for two hours. The solid ion i iius oblaiiual 
was tVe(‘d from ehlorine and unaltered oxide and e(»neent rated to a 
syrup by ])assaLre of air ovrr the warmed litpiid. 1 iXposure over eoneen- 
trated sulphiirie aeid in a vaeumn desieeator Kft the eiystalliiu* salt 
as a blaek mass.* The trichloride is also formed by dissolvin^^ the 
lelnixide in elilorine wafer. On evaporalion a lusirons, somi'what 
hyi/roseopie mass of frieliloridt* remains brhind whieli is readily soluble 
in water and in aleola^l, ^vi» Idiii'^r an oraii'^e-yellow solution. The 
a(|Ueous solution is wry sensitivt' to risi* in tempiral urt‘, and deeom- 
) loses even at aO ’ ('. into a blaek hydratt il oxide or <*xyehloride ami 
free hydroehlorii* at'itl. The colour of llu' preeipitati* is so intense Lliat 
one part ol’tlu* metal distinctly darkiais 100.000 parts of uaU r.* 

Hut hcniiiin t riehloride begins Jo la* reduced by liydrofje.i - at 1 'dO' (' , 
it rea<lily absorlis dry ammonia i»as.''^ yieldin;i a blaek- '^i >let a(ldi’4on 
compound. 2Hu('l3.7XlL, which dissolves in water to* a bri^dd red 
^solution. Ileal is set free durinii the absorption of ammonia, but if 
the temperature is maintained id 0 C'. the r(*a('‘ion is completes 

Chlor^ruihenlti's or Rutlirnochlorides, Mdtut’l^ 

Doublt! salts of ruthenium trieldorich' and t he. ehi rides of the 
alkali nudals have been jirepan d and are known as chlnr-rufhcnifes 
ov ndhi'utH'lihtridi'.s, their general Idrmula bein^^ Ku(1^.2MCl or M^HuC'l^. 
^^'i'he tirst oniiese to be^diseovereil was : ^ 

Potassium Chlor'*ruthenite, K.JluC-l^. This salt may lu* prepared 
by*.Uie reduction of rutheniufti nitrosolrihydro\id<‘. Hu(X())(()IJ).{, in 
alkaliue solution by boilin^^ with foi maldehyde, dissolving in hv‘dn)- 
ehlorie aeid, and separtiin*^^ old the salt by addition of jiotassiuin 
' chloride.'* Obtained in this way tla- crystals are brown in eojour. 

'Fhe salt may be [irepared in an impure form by dW-solvini^ ludl'.enium 
in fused ])otassiuiu liydroxide, addiin; small (plant dies of potassium 
nitrate tbe while, until all the rutheiiinrn has passed into solution. On 
cooling the ^'reen im^ss bA'omes*orani.r'‘' nnd treatment, with eonecn- 
trated hydroehlorie leaves a residue of potassium elilor-nithendc 

A^eonvenient method of jiFeparinju^ a liiirly pun- speeiiiK-n of fiotas- 
siuiv ehlor-ruthenite consists in addin;^^ freshly disjilled rullnr.ium 
tet roxide to concentrated hydrochloric aeid and dij^estiiiLf on the water- 
bath until evolutibn of eliloriiuv ceases. I'his reipiiri s about two days* 

* (iiitbift. lUO'.l, 22, -tH?. 

» C. IMiiniptf, Aintr, Chnu, ./., IS<>4. i6, 

■ Joly, ComptTrf nd.^ 1802, 1 1 5 , 12&, • 

* Bri/arct, Ann. Chim. PhifH., UKKt, 21, 311. 

* AiUony and Lucc(c«>i, (Jazzf.iVi, 1809, 29 , ii, 82, 
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To the rcsiilfin" strongly acid solution of ruthenium trichloride, potas- 
ft'iiniS hloridc is added in small quantities at a time, whcreUy a prccijii- 
ta(e of eryslals potassium‘chlor-njthenitc is obtained. These arc 
washerl fire fn^iii acid with alcohol, ayd dried by exposure over 
' conee/d/vifed sidplmric aeifi.^ ^ 

Pofassiiini eldor-nithciiitc rapidly hydrolyses in aqueous solution, 
the liquid, oriipnall/ red, <jradually hceornin^r blaclj. The Acloeity of 
the hydrolysis admits ord(‘tcrminati(jn by eleelrie eondiictiviliy measurc- 
nieiils in eonse(juenee of the hydrochloric acid set frec,- 

'rhe ( (luilibriiim of the hydrolysed solution*is not altered by dilution, 
by addhiem of aei(J,^or by chancre of temperature. It thus appears 
that the reaction is* irreversible, and that the final state docs not 
rcprC'.ent a true equilibrium. ^ 

The reaction appears to take place according to the equation : 

KJluCla I 2140 - 2 KC 1 h 2IICI + Rn(OII)2Cl. 

Addition of alkali hydroxide to the hydrolyses! solution yields an 
rnmediate precipitate of hydraled ruthenium sesquioxide, UiiX).,..‘ri 
Of partieulnr interest is Caesium ChIor**ruthenite, Os^Riir^.Il^O, 
which Howe'* obtained by llu* action of Ji 3 '(Jro(*hlorie acid on ruthenium 
telroxide and subsequent addition of ejVsium chloride to the s(»hition. 
The salt is ])rceipitaled as a dark brown powder, fairly solul)le in water 
and hydroehlorie acid, exhibiting the chemical reactions of a trivnlent 
rulhenkim salt, llowe also describes an isonieride of this salt, which 
he teniKMl, in aeeordanec with Wernefs nomenclature, Caesium Aquo«« 
ch}or«rutheii1ite (vide infra). 

Rubidium* Chlor«*ruthenite is also known.^ 

Ruthenium Tetrachloride, RuCIi, probably exists in solution when 
the hydrated dioxide, t>blakK'(i b>«tlu‘ action of caustic alkali on Ihe 
sulphale, is dissolved in hydroehlorie acid. It yields a yellow solution 
from which the tetrachloride cannot he is(dated in a inirc condition/' 
rtlllioiigli double suits with the alkali metals have been obtained. These 
are known as : 

Chhr-ruthvnates or Uathc^ikhloridcSy ]\ 4 RuCL 

• * •* # 

Potassium Chlor**ruthenate; K._,Ru('l(., may he prepan-d by adding 
hydrcH'hlorie acid to potassium ruthenhte.^* The method adopteebhy 
Antony and Lueeliesi ’ eonsists in heating ruthenium willi six times its 
weight of fused potassium hydroxide in u^'siKVr dish. Pedassium 
chlorate is added little by little, and the whole stirred until all the 
rutheniiUM has dissolved. The heating is continued until evolulion of 
gas ceases, indicating complete deeoni[)osilioii of the chlorate. On 
cooling, the orange-red-eoloffrcd melt is dissolved in cold water, and 
dilute hydroehlorie acid added uiitibtlic whole ks slightly acid. Con- 
centnltion is effected over (|uickl!ine until the salP crystallises out in 
reddish brown crystals. Potassium vhlor-ruthcnate may al^o be 

^ Liiut and Blisaf «/. A nm. Chtm. Soc,, 1009, 31, SOS, 

* Lin<l, t/.l4 mfr. Vhem. iSor., 1903, 25, 938. 

* Liiul and Bliss, U>c. cit. 

* Howo, Chan, Soc., 1901, 23, 775.* 

* llowo, ibiri,, 1904, 26, 513; see also Miolali and Tagiuri, Gazzetta^ 1900^30, [ii], 

511. ^ , 

« AnkJiiy, GazzcUiu 1S99. 29, J. 

’ .\nlyuy and Luocheai, Gazzclla, 1890, 29, pi], 82. 



obtained by the aetion of chlorine ^ qn af concentrated, acidiilatc(t:| 
s^^ution of potassium jvquo-chlor-nilhcnalo, K2Hu(()II.>)Cl5. lt *thert^^ 
cr\stallises in minute black oclahcdra possessed oOa j^reenisli sheen, 
and uhieh are easily solubh«^in and rajiidly ^leermipostjj! by water. In ^ 
iiydrochlorie acid a pure yollow colour is obtained if tlie solution is 
dilut(‘, the concentrated solulion beini; deep yellowish red. 

Atnnunnunt, nf^idiiinty and casitnn vhlif-ruthitiaks have also been 
l)re part'd.^' 

Potassium Aquo^chlor*'ruthenate, KjUiKOlbdCi ,. resulls* nn bnjl 
in;; a sli;;htly aeidilied sojulion of pola^siuni clilor-rulhi iiile, K Jtnl I 
Vith alcohol ; as also by heating the hydrated ses<puoxid(‘ >jitTi hydro- 
chloric acid and alcohol. , 

I'pon evaporation the salt crystallises in orthorhombic oclahcdra, 
which arc solul)lc in water. The s(»lution yitlds with alkalies a dirty 
white preeijatate which soon becomes black, thereby differing from 
solutions of tlie lriehlori<le, whieii give an immediate l)Iack preeipitate 
under such condilions. 

Potassium Nitroso'-chlor-ruthenate, K«Hu(N())('I., is known (sec 
j.. 150).^ 

Caesium Aquo«chlor-rufiiekiate,(\Hu(^l^(2H^:>' interesting salt 

inasimieli as it is isomeric with the tirsl chlor-rut hcniti' to be discove red, 
namely. ('solbiC'lj,. HoO .s?/pn/). It is (obtained '^isa buff precipitate 
on ailding alcohol to the bine liltratt‘ from electrically reduced s{jlntioiis 
of rutheninm trichloiidc and ciesium cliloridc. On cryslallisation, rose- 
eolonri'd prisms arc oldaincd. rhcsc an^ soluble in waUr, anrl may 
be n crystallisc (I uncliangcd from acjucous liytlroehlorie avid. 

* Oxychlorides. When rullieniuin tctroxidi is covircd vvitb water, 
to which eiesium chloride aci(lulatt>d with- hyorocldoric acid is siihsc-' 
rpicntly added, cft siinn (},rijclih)r-ruthni(ilr,^ (’S2‘tu()j,(l4 or ‘JC'st'l . KuOCL, 
is formed. On cryslallisation dark pur|)h isometric octahccira, cubes, 
and rliombic; d<alccahc(ira sej>arute out. Th(‘se arv st,.nl)le in cold 
hydrochloric acid, from which they may be reerv stalliscd unchanged. 

1'he reaction may be rc'prcscnlcel as follows : 

KTIO4 -I lllCl H 2C sCl Cs^KnO./ ^ ‘21 1^0 d Cl^. 

"A cliaraclcrislic reaction foi^hcsc crystals is I heir hcliavionr l(/wards 
water,* which instantly dccomj)oscs tin in. the water hccoining black. 

On boiling with Von^entratud hydrochhirie acid chlorine is diseii- 
gaged, ciesium chlor-rnthciiatc ninainlng behind. 'J'hns : 

CVtuO/l^ ! 11K1 ( s.HuC I,. I ‘Jll^O I (T. . . 

Ruthenium Tribromide, UnlJr^, is most readily t)l)taineil hy i vapora- 
tion of an aqueous s<dutiofi of tl^c tetroxide with coneenlrated hydro-; 
bromic acid ^ ^ ” 

2UUO4 + ICllBr,^- 2Hulh>j d 5131-2 f 81I..0. 

The salt is dark brown in colour dissolving in wate/ to u bright. red 
solution, wliich decomposes slowly on keeping, but rapidly on warming#; 

* Howe, J. Atmr. Chem. Soc., 1904^ 26, 543; sec also Miolati utid Tagiuri, Guzzclta,' 

1900, 30, fii], 511. • 

* SooIIowc, loc. cii. iSubstituted autmonium cldor-ruthmoUsi, f:uchas,for example, 

the methyl derivative, (CHj.NHjtJtub’h, etc., have been prepared by Gulbier and' 
Zwickt r, Ber,y 1907, 40, 600. » Howo, J* Anicr. Chan. 6'oc., 1001, 23, 775. 

* Gutbicr and Trcakner, Zeilsch, anoig. Chan., 1905, 45, 166. 



14^ COBALT, NICKEL, AND ELEMENTS OE PLATiNtfM Gl^tJE 

virhtirj;: a hlaok prccIpitaU*. With sulphuretted hydro^^cn the solution 
fn h\^ njlh<‘niiim sii)[)lii(l< . 

" Wluri healed 4)a‘ sfjlid brdniido tivolvcs broininc. It*ar).soi-bs dry 
ariimofila ;ras, ^yieldin;/ an addition rjonipound of composition ^ 
•2HnHr,.7\II:5. * * 

Wilh bromides of the alkali metals double salts known as hranh 
rulhoiifi's are IbrnK'd* Oft^a'se the potassium salt is mt)st im])orlanl. 

Potassium Bromruthenite, formed when •[)otassium 

bromide is added to a, solution of ruthenium tetroxioe in hvdrfjbrcanie 
•*'aeid. Upon emiecaitration over sulphuric acid small brown crystals 
are obtjfi.aal, n^adil;: soluble, with decomposition, in water.^ 

'J'h(‘ coVrespondinjjf ammonium, rubidium, and caesium derivatives 
have be(‘n prejiared. 

Alllaaiah the*, tctrabroinidc of ruthenium has not been isolated, 
double salts, known as hromndhenates, have been prepared. 

Potassium Bromruthenate, KoBullr,;, is oldainecP by passin,<< a 
current of bromine vapoin* tlirouL»li a concent rated solution of j)otassium 
atpiobroinrulhenate cooled to 0" U. A precipitate of minute crystals is 
ohlairuMl, oelalu'dral in shape, and very oolnble in water. 

Potassium Aquobromruthenate, maybe j)rcpared ^ 

by boiliiii,^ potassium bromruthenite with alcohol and hydrobromic 
acid. On standin^f, minute brown crystals, having the above composi- 
ti(»n, separate out. 

'rh(‘ eoiTe‘^nondin<,' rubidium, and rlvsium s.alts arc also known. ^ 

Ruthenium Tri-iodide, ItuLj, was prepared by Claus by double 
deeoin[){)sition of potassium iodide and ruth(‘nium trichloride in a(iiieous 
solution,® The salt se|i.irates out as a black amorphous ))ri'cipitaie' 
whi(*h, on h(‘atiu^^ evolves klu* wlui’e of its iodine content. It absorbs 
ammonia, yieldinj^^ ‘iKuLj.TNlIa, but docs not apj)car to yield double 
salts with alkali iodides.® 

UUTIIK\11J.\! AND OXVUKN 

HulluMiium combines with oxy^a-n^ in seviral different proportions. 
A monoxide, ItuO, u1is stated Ijv Claus to residt when tla^diehloride, 
ItuCl... is heated with slightly more tjuii\ one e(|ui valent ol sodnjm 
carbonate in a current of carbon dioxide. This result was apjapHiitly 
accepted until HMD, in which year (.hit bier, aiul Trenkner,’ as has 
already been mentioned, thr<‘W doub( on the suppe»sed existence ol 
ruthenium diehloridc. Tiiis raised the (pie.slion as to whether or not 
the nuViuNxidc' coukl exist, Experiments carried out by (hit bier and 
Uansohoff with a chloride* (jf ruthenium and sodium carbonate after 
the maimer described by Claus y^ave ycay ui^ccrtain results, from which 
it may be concluded that rutlu'uiuui monoxide® h-vs not as yet been 
prepared, and is possibly incajiablc oj a separate existence. The 

* (Jutbiur and 'fix'nkncr, Zdisvh' anonj. Chvm., 1U05, 45 , 166. 

* Howr, J. Anich ('‘hem. Sue., 1904, 26 , 9411. 

* Jlowo, loc.cit. Subatiluted ammonium broiuruthenatcs aro described by Gutbitr 

uul Zwickor. Jicr., 1907, 40 , 690. , 

* Claus, dull. Aead. Sci. l\'tro(jrmi, IS60,‘ I, 100; 1863f, 4 , 474. 

® Gutbii r and 'frenkiicr, ZeMi^eh. anunj. Chem., 190r), 45 , 166. ' 

(^laus, 1S46, 59 , 2114. 

’ Outbicr and Tionkinu, Zeit9-:h. anor\j. Chun., 1905, 45 , 166; 6 up|) 0 i'tcd by Gutbicr 
ind Uansohoff, ibid., p. 246. 




evidence, however, is by no nicans exhaustive^ and furtner work oy 
sid)jeet niiLiiit lead to luterestinir result';. • 

•In tlie h^^lowin^' table are <^iven th^ various .)\^les and hydfatecl 
oxides of ruthenium which ^yre assumed 1 j^' ClaiK an »4 by Dc bray and 
July. The linal column mentions thosi- whose exi..tene(? Juts now been 
faiily definitely established, iar<^ely thnui^ii file ii»\s^arehes of Cutbiei* * 

and his eollaborgtors. . 

# ^ 


• 

Clau-it. 

IX'bray ami Jtily. 

• 

Giabi(‘r anil Han.sohofT, 

• 



RnO 

— 



— 



— 

Ru(()II), 

RnO, 

RuO. 

UuOj 

Ru(()ii),.,‘)n,() 





— 


I{.,,0, 

— 


IJll,,0r, -'II,0 


RuO^ 

RnOj 

Rn(V 


RU..O7 

Rti.,0,2 

RuO., 

RuO, 

RuO, 

*■ 


Ruthenium Sesquioxide, Hud).^. When slrondy hpted iu air 
ruthenium yields a blui.di black oxide which is not reihie(‘d at white 
lu'at.^ ( laus^ l)elie\<‘d that the s(‘S(jui()xide, HuJI.j, could be produced 
bi lliis way, but (hitbier and Uansohoff® ha>Pe adduced evidence in ■ 
fasour of’ the assumption that tlu‘ P^mIuci js not a well-d<‘rmed oxide, 
but an intimate mixture of ruthenium and its dioxide, ItuO^. No 
otla r niellKul tried by tlu! last- naii'<‘d autliors yieldtd tie sesipiioxide 
in t he anliydoms condition, althouijh deeoinposition of’Uie (‘(aTespondin*^ 
hydroxide, HuM(()n)^, (see beh)W'), bv'*' i^mil icai in a current of carbon 
dioxide iiave indieat i(»ns that thi' oxide is capable of existence. 

Hydrated Rufheniun^ Sesquioxide, ItunO.j.Jilld) or ]Ur,(()n)y, was 
jireparerl bv^Gutbier and Uaiisohoff by addition of sodium hydroxide 
to at) ;i([ueous solution of nitheniRini ses<|uiehloridc‘, Hn^GIf,. A blackish 
Itrown iimorplious preei[)itate was obtaiiad which was dried in a 
vaeuiim desiccator (r\er# sulphuric acid. Analysis yielded lijiures 
aqreeinu fairly well with the formula ^iveii above, but it was not found 
possible to remove the hist traces of alkali, even by washin^^ vwlU very 
dilute hydrochloric acid. Ignition in a curr(;nt of hydiogcn yields the 
pure metal. 

Ruthenium hydroxhle is^oblaiiad in colloidal form by reflueing an 
aqucfius solution of <|jotassium eblor riillieiiile, KgRnt'lr,. l>y by Ira/ine 
sulphate in the presence of gum acacia, wjiicli serves as a [)rotecti\'e 
polioi^I ^preventing the eoaguJation of the hydroxide.® 

’ Thi.s table is taken from Gutbier, ZeiLich. anorg. Chein.^ 1910, 95» 

- Th('se r>.Ki'lert <lo mTt appear to be t^pablc of a separate existence, aliliougli their 
derivatives arc well known. * 

* Clauaf 1845, 56 , 257 ; Pogg^ Annahn, 1815, 64 , 192; 65 , 200. 

* Cliui*, A-nn ikn^ lS4a, 59 , 234. • 

* Gutbier and Ransoholl, Zdtsch. anorg. Chem., 19(HI, 45 , 243. 

* Gutbier and.Hofmcier, J. prakt. Chin^, 1905, pij, 71 , 462. . 
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Ruthenium Dioxide, oblninccl as a sublimate by heating 
rnIhV iiiniM in ji eurreiit of oxygen.*’ 2 The metal may tlms Ire extracted, 
alonj^ \vill» osmiiicn in the foPm of its more volatile tetioxide, OSO4, 
fronrosiniridiinv by healin^j the last riame^l in OMy^^cn (or air) to about 
lOSO ' If I lie mixed va})ours are ])assed throu.<!:li a heated porcelain 
tube rulheniiim dioxit'le condenses first. 

If the niMieiiiiim is finely powdered, the oxidation be;4ins at G 00 ° C. 
and inerc ases rapidly with the temp(*ratiirc, bein^j *1000 tinies as rapid 
at 1‘20()'- C. as at 7(io'' C. Crystals of tlic dioxide may be detected in 
the sublimate.^ Pn vious iirnilion in hydro^*en to a hitjh temperature 
redn<*es' »ln‘ v< loeity of oxidation of the metal. 

'fhe dioxide may also be oldained by lusatiiijr the siil[>hate or 
disiilphid(‘ in the presenee of air. It erystlillises in the form of hard, 
tetra<ronal pyramids, of density 7 - 2 , and isomorphoiis with eassiterite 
and nilile.2 The crystals exhibit a f^reen irideseent nietallie lustre, 
'fhi V are not acted upon by acids, but yield potassium rutheiiate when 
fused with potassium liydroxide. 

'Idle dioxide underjfoes fiartial dissociation * at temperatures above 
100(C and when heated in vacuo the oxy<Ten tension anunints to 
la to 17 mm. at 100(C C.. and a liHlc’ imdallie ruthenium remains 
hehiiKl on eoolina beneath the layer of dioxide. 

Huthenium dioxide is obtained in the liydratcd condition, 
HnO.,,,rn./), as a dark red precipitate by heatinj< the snlpliate with 
|)oiassiimi hydroxide solution. On healin;i to .'100' C. it loses water, 
and at hi;^die»; t(‘m}>eratures didlai^rates with ineandeseenee. It dissolves 
ill acids and alkalies to yellow-eolonrcMl solutions. Clans aa\{' the 
formula Uu(()ll) p.dlljO to the prceijiiiate, hut Cutbier and Itansohoff 
show that tlie composition is variable. 

Ruthenites. Hutheniuin diioihle uniti's with melallie oxides to 
yield rutheniles of i^eiieral formula M"Ku();,. The best-known salt is 
hitriuni ruthcuiU\ llallnO.., which is obtained by healing' barium 
rulhenale ti> tUC ('. in vacuo, when oxyj'cn is evolved and m blnisli black 
residiui of nithenile remains, which is insolidile in water. Treatment 
with hydnudilorie acid converts it in1<» the triehloride.® • 

Ruthenium Tetcrixide, Ruthenium Peroxide, HuO,, results in sir .1! 
ipianlily wluai rnlheniuin is healed to about 1000'*' C. in 7 i enrrent of 
oxygen. A more eonvenient methoii of prej)arinf' it is tliak hrst 
adopted by Claus,’ and consists in passinfr chlorine throinrh a solution 
of alkali ruthenate ^ and warmin'^ to to 90 ^* C; The tetraxide distils 
over and, on eoolinjjj, yields a j^oldeii yellow mass. It may be purified 
by ri>^)eated shakhij» with warm water to remove all traces of chlorine, 
separaliniT as completely as possible from water, and finally sublinun»^ 
several limes in vacuo, when it yielcls beautiful crystals® meltin^r at 
25 'ri’'' C. to an orange liipiid, and dcc%anposintr at lOd® to 107 ° C., yielding 
the crystalline dioxide. Its va|K)ur density at l(f0° C. as determined 

* OiilbuT atul Riinsohoff, Ztilsrh. amtrg, Chem., 100.5, 45 , 213. 

* Dovillcnnd Dobrav, .Im/i. Ckim. Vhys., 1859, 56, 3S5 ; Compt. rend,, 187C| 83 , 927; 

1878, 87 , 441. ' “ 

* {UitbitT, \Vio.ssuiaim, and Mnu«irb, anurg. Chem., 1916, 96 , 182. 

* Dobray and Joly, Compt, rend., 1888 , 106 , 100. 

* Gutbicr and llansohot!. ZeiUch, anorg. Chtm,, 1905 , 45, 243 . 

« JotVi Compt. rend., 1891 , 113, 004 . 

» riaus, Ji^n. .laid. Sci. Pitrograd, 1860, X, 97. 

« liowc, J. Amer. Chem, Soc., lOOl, 23, 775 . 

* Gutbier, Zeit9ch. angew. Chem., 1909, 22, 487. 
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, by* IJumas’ luethocP oorrosjK>lids to a niqlmilnr weight of 
Tlu'orctirali^^ the formula UuO^ renuircs the value 1G5*7. TJie ViiJ)ouf 
vigorously attacks cork and ruhl)er. 

Ruthenium tetroxidc dissolves to a slivlit extent in water. It is 
also soluble in caustic alkali^ from which solutions a black })ri'ci(>ilate 
of fuK'ly divided ruthenium is obtained on addition of aleolud.- Roth 
the at|UCous solution and the jnire substance itself posserjs an odour 
resL-Jiibling that of o/( ne. Its vapour, howc vcT. is not poisonous like 
that of the eorres{)onding telroxido of osmium. In eontaet with 
alcohol thc‘ solid tetroxidt is reduced willi explosivt* violence.'*' * hen 
q^vered with water, to which a eoneentratod s(^lutioy »)f e.i sim.. elilmide 
is suhse<|uently added and a liltlt‘ liydroehlorie aeitl, riilln n am t( Iroxide 
is gradually converted into the oxy-salt, ('sj.Rn02(dv The eorres]>ond- 
ing nd)i<lin!n salt has likiwvisc been prepared.-* 

Rutlienium tetroxidc is permanent when kept in sealed lubes in the 
dry state and protected frean light. Kxposed to light it assniiK-s a 
]»rown (•olour, hut the brown ])roduet is sohrhlt in alkali, yiehling a 
rntlienate. Presumably the coloration is dn(‘ to partial ndiielion. 
Owing to its n-ady reduction by organic snljslanccs w’hci(d)y a. bla<*k 
preeij)itatc of linely dixided ritheninm is ohiainect, potassium per- 
rutliennt(‘ has been foiimi useful for histoIt>gical micn^seopy.^ 

S('veral other oxides have been (leseril)ed, namely. Ru.,()r,, 
Ru.Oj.Ldl/M Ru/.),,2 RuO.,,'-^ « ami n\U),> Of these, thl' iUsl thris 
are prohaldy indelinite nii.xtures rather than separate elienilc.-d entities.' 
The last two oxides do not app<;ir ea|iahle f)f a separa’ - exist' nee' 
idthougli their compounds arc wa ll known d'hese are lenmal : 

UuthcHates^ .M.jRuOi, and Per’rufhcunfcSy MltuO^ 

Potassium RuthenatCi K.,UnO.,. H./), i lav he rddaimd by fusing, 
rnlheninm with a mixlnn*of potassium hydroxidi; and nil rale. A gri'cii 
mass of potassium ruthenate is forimal, which dissolves in water li» an 
oraiige-eoloured solution. It is ai.so formed when r)() grams oi ruthenium 
tetroxidc arc dissrdved in oOO c.e. of water C(»nlaihiug 70 grams ol 
potassium hydroxide at 00'' C. Crystals obtained by exaporation from 
iio acpieous solution arc riiomhieij. eharaeter, and j 'assessed of a greenish 
metallic lustre. Ry transmitted light ihe crystals a])peur red. They 
absorb moisture, from the air aTid darken oxving to partial reduel ion. 
Heated* to ‘200° C. they become anhydrous, hut undergo no further 
change even at tiO® C. • • 

In solution [Totassium ruthenate is of a deep orange eolour, hut 
in dilute .solution assumes a green eohmr, due to .drmatioi. (4* per- 
ruthenate. Hydrochloric acid effeels (Ih! ]*recipitation of an oxide, 
chlorine being simultaneously evolxcd. Tnc solution stains the skin 
black owing to separation (jf oxide.* 

Tiic corresponding sodium tlerix^alive is readily i>ri pared by fusing 
together ruthenium and sodium pero.xide. ® The sUver, Inn mm, ,^ironiitnn^ 
calciign, and magnesium s;iJts arc also knoxx ri. 

* Dcbray anti Joly, ComjA. 1SS8, lo 6 , 

» Dehray a/ltl Joly, Compt, rfnd., 188S, xo6, 328 ; JWU, 113, 
lerivati. * Howo, J. Amer. iSkem, iSW., l*K)!, 23, 775. 

* Clauaf * Gutbicr and Tronkner, Zeiheh, anvr<j. Chan,, 1905, 45 , 100. 

< Cliuy, Ranvicr, Compt. rmd., ^887, 105 , 140. • 

^ Gutbier anous, AnnoUn, IS46, 59 , 234. • 

« Gutbier and bier and Ranaohoff, Zeii^ch, anory. Chtm., 1905, 45 , 243, 
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'“-'eofAl^P/McKEL, Aim) , 

IV>tas$ium PeMuthenatei KlluO j.njjO. This salt results by t 
letion ol‘ cliloriiK' on an a(jiJeoiJs solution of the normal rifthcnalc, 
also by the so!ut7t)n of 50 grams of rutlH'nium tctroxidf, prcviou^ 
fused under vvat»r, in 250 cf:*. of water at.(i0^' C. cfailaining 00 grams 
potassium hydroxide.* On crystallisation, black tetragonal octahed 
result, wliich, on he;>ling in vacuo to 400'' C. dccom])ose to oxygc 
ruthenium di(L\ide, and p<^tassium rulhcnatc.''* '.rpc ^aystals arc n 
isomorphous with those ot potassium permanganate^ as , was at oi 
time l)eli(‘\'ed to be tlic case. 

Sodium Per^ruthenate, Nal{uO.,.lh/), is*prcpared in arianalogoi 
inaiUK'r lOithe pota»sumi salt as small, black, crystalline lamella*. It i 
•onsi<lerably more soluble in water than the potassium analogue, an 
/ields a dark green solution. Heated to 110 ' C. water and oxygen ai 
evolved." 

RUTIIKNIUM AND StJLl'IUIU 

Ruthenium Sesquisulphide, Ru.^S.^, occurs in tla* platinum washing; 
of Morneo and Oregon as the rare mineral laurifc, usually in the forn 
of minnfc octahedra; hardness 7-5, ^kasity O OO. It has a brigh 
metallic lustre and contains a little osmnim. Ih'vilU* and Dcbray * 
prepared a simihir sul[)lud<‘ artilieially in tlu* form of isometric crystals, 
octalusira, and cuIk's by licafing rutlK'ninm with pyrites and borax. 

Ruthenium Disulphide, UuSo, is formed ly allowing liydrogen 
snlpliide and potassium ehlor-ruthenate solution to react at SO'' to 00" C. 
when it is dotained as a Idaek pneipitate.® Wlien dry it explodes 
violently if warmed in air. 

Ruthenium Trisulphide, KuS«, is <)))tained by passing hydrogen 
sulphide through an acpieous soIn^^ion of j)otassium eldor-rnlhenate at 
0'^ It is formed as a fellowish brown preeipilate. AVheii dry it 
readily oxidises in air, becoming heated to ineaiuU*seenee ; for this 
reason the s{4l[)hi(le is dried in an atmosphe re e)f an inert gas.® 

Ruthenium *Sesquisulphite, : lliu(S(fj)3, is e)l)tained by })assing 
Niilplmr dieixide thremgh a se>lution of the sulphate whereby the ee)lour 
change s fn»m bright rexl tlireuigh gre^en te) blue. Aeklitie>n of alee)he>l 
precipitate's the* sulp'liite in a blue e*olloidal feTin which m.<y ])e dried 
at C* It disse»lve‘s in exee*ss of water, giving a se)lulion fremi which 
it may he preeipitalod by aelelitiem of a salt. Double salts with the 
sulphite's e)f jHitnssium and sodium res^)C‘eti\ cly IpivT been jm'pArcd.’ 

Thus, oil boiling solutiems of sodium ehlor-rutlie'iiito, NasRut'lg, and 
seMliupi sulphite, minute crystalline precipitate of sodium ruthenium 
sulphite, Na7Uu(S(b,).s.2H2D, is eibtaiiud. The eorresponelingpeMassiuin 
salt has alsei be'cu isolate'el, 'I'liis, with potassium hydroxide se>luti()n 
is e'ouvevlcd into the eemiplex DlUu(SO.d The feillowing 
salts have also been obtained/ Oj Hu(S().,)a(NO)Na2].2lLO, and 
0[Ru(.^()a)a(NO)lv^]. 211/), both in crystalline' forin.® 

JX'bray anei ^e)lv, Compt. nwl., ISvSS, io6, 32s ; ISUl, 1 13, 093. 

* Or (Hwiblv an allieet (tubattinct'. 

* Dufet, BuU. Soc. Min,, lS9e>, ll, 215. 

* Debray unet July, Compl. n-ml., ISSS, Z 06 j 1404, 

» Doville anei De;bray, linU. Soc. 4/i/j„'lST9. 2 , ISuf' Compl. rend., 1S70, 89 , 589. 

« Anlemy auel beicchesi, Oazzella, 1900, 30 ^ [ii], 539. 

^ Claus, J. praL'i. Chem., 1847, 42 , 364; Antony aid Lucchesi, Gazzeiia, 1900, 30 , 
ii], 71. 

* Miolaii an^ Tagiuri, OazzetiOf 1900, 30.»fiil. 51 1 . 



BWflfiilnTIt A'ND iS 

■ Ruthenium Dithionate, lliiSaO,. By the ooiitinucd passnij; of 
si.^j)}nii* (litSciilf tliroiij/h the sulph.-ite solution llu:* hlue solution mon*- 
liojieti above bceoines eoltnirless. and ruthcniiun oil hionate ^ • is pro- 
duced in solution. It is pweipihdtd tVon#the sohilion as a yellowish 
while powder by addition^ ^>1* alcohol. On lissolviiio in water and 
eoiu'enlratini;, the salt is obtained as a yell«)\f (‘ry?>talline mass of 
radialinj 4 jibros. j,l is readily snhdtle iji ;vater and in acids. \Vhen 
warmed uith perniani;aiiale sDlntioii ruthenium sulphate is product'd. 

Ruthenium SuIphate.^ ltu(S(),)^, results wiaii the pn cipitaf <'d 
sulphidt* is oxidised l)y stuution in nitric acid,- and hy dissoh injr barium 
^ithcuatc' in fuming' l‘.vdrtK*lilori(‘ a<‘i(h cvaporaliiv^*to t!ryir> sTextraot- 
inu: "dh wate r and athlin;^^ «‘xccss of dilute sniphurii* acid. TIu' barium 
is j)reci[)if ated and th(' lilt rate is conccaitratcd.® yicldin»f a red li(jui(h 
from whifh. however, Antony could nol td>tain the crystallint' salt. It 
is also producttl by dissolvin*:f lbt‘ tetroxide itt sulphuric acid. Ou 
cvaj)oratiou the ()rani:<‘ solution yichls a y<‘llowisb brown, amorphous 
rcsidiu', which is very (Iclitpa ^e^•n( and easily soluble in walc'r. Ou 
warminij; with alkalits, ruthenium liydnexide is precipitated from 
stjliition. 

UlJTIlKNirM AXl) NITROOKX 

Ruthenium Nitrosotrihydroxide, Uu'X0)(01I);, is readilv ol)tnined 
by addition of tli<* r<((uisitr (piautily i>f polassium hvdio>^(li* to 
a solution of po(a.-.si,j!n fulros )cblor-riilh('nale, ‘>(N())C'l- or 

‘2KC'I . lbi(NO)( 1;;, at the boiliuL; point. t> 

‘JKC'l.Rn(\0)CI, 1-:JK()II aKCl j llu(NO)(OII) 3 . 

The ii<piiil, which had a redtiisl\. bhu' »'olou“, bt'eonu's colourless, a 
clear brown, ticlatinoiis preeipiiate of tin hvdro\i<le srparatini^ out. 
Since the hydroxide is soluble in excess of ttie potash, yieldinif a brown 
solution, (*are must be taken to add only tie* Iheoietieaf «{uan1ily re- 
fpiirtal. Th(a*ou;j;li washing witli boilgi^ wate r, in wbii:b lli(‘ j)reeipitate 
is insoluble, is desirable to remove ail traces of potassium chloride. 

When dissolved in potassium hydroxide solutioji and rcducf-d with 
formaldehyde, a mixtur?- of hydrates is obtained. 6 .Addition of liydro- 
chloric acid and ])otassium clil<»^'ide and snbsecpieni (•\’apf>ralion results 
in brown crystals of potassium cblor-i iillaiiite, KolInClr,, ajul red 
crystal^; of RUjj(\())('l..‘{KCd, I IKl separatin;^ out. 'riicsc dii'ier in solu- 
bility, the former beiii^^ rftore raf>idly dissolved by cold wate r than the 
latter ; the isolation of eaeli in a jnire state is thus easy. 

When ruthenium nitrate is boiled with hydrochloric aef!! and 
evaporatcel at a Nitrosochlrridc^ RnCI^. NO. II J), is obtained 

as a red crystalline mas.'-i (.)ii reeryslallisidiou a penlaliydratcr 
formed, RuCla N0.5W./), as dichi*’oic trielinic crystals, which clllorcsce 
in dry air. 

Tlie nitrosochloridc is also o*l»taiued by'boilinj^^ for several days wdth 
aqutf rcj»ia the prccifMtatc formed on additioi» of diIutc«aI(’oh<dic poUisH • 
to ruthenium tclnvxidc.® 

* Antony and Lucchewi, 181J8, 28 , fii], 139. 

* AnmUn, 1S40, 59, 234. * 

* Antony and Lnoeluisi, GazzGta^ I89!>, 29 , |ji], 312. , 

* lirizATil, Ann.Chim. Phi/x., l!KXt21,31f ; Compi.rf^ul., 1800,122,730; 1890.123,182. 

* Howe, J . Am<r. Chun. Sor., |H94, i 6 v 3SS. Absolute alcohol must ned he employed 
9 a account of the explosive nature of Ihe^eaction. Sec p. 147, 



IfDt VlXWAL'J’* XM JUlViai, AJSU iSliJIJMIfilVTO VF FJUATXJ>r^^; 

%‘vt‘ral (jHur complex nif/oso derivatives of riithcniiim have been 
pr(‘par(‘(l, namely ; 

i{ii.(xo)ii,(flii)Cij, i{uj(NO)ii2(oi[)3, i{ii,.(\0)irjd3.2iici, 

• luul Uii2tNO)Iljj(:l,,.(N'll3)„.2IlCI; 
bill lor a(*e(ninfs of tl^e SC the reader is ri^Wnalto the oiii^inal memoir.^ 
UntJuiiitun mtr(iso--trihrnmi(U\ liu{N{))lir., .11^,0, and tri-iodide, 
lbi(\0)I... A(|., Inive been described. ^ 

Ammino derivatives have also been prepared and are discussed in 
Volume X of this Scries. ^ 

Potai^ium Nitrosochlor'^ruthenate or Potassium Ruthenium Ni« 
trosochloride, ‘iKCf.lUiC'la. NOor K 2 ltnCl 5 NO, is obtained by direct pre- 
cipihilion of eoneeiitrated solutions of potasshnn chloride and ruthenium 
nih’osoeliloridc^ ; it also results on evaporation of mixed dilute solutions 
of tli(‘ two snl)stanccs^3 It yields black orthorhombic crystals which 
dissolve in water to a redrlish violet solution. The aqueous solution is 
stable, its electric conductivity showing no alteration whatever after 
standing for two weeks. Its solution apparently contains three ions^ 
namely, K\ K*, and ItuC'l^.NO". 

This salt is interesting as being the^oi^' wliich led Claus in 1815 to 
identify nitlienium as a n(‘W element. Tic believed it to be K.^IuCIq, 
analogous to ])olassi\im chlorplatinatc, but Jol^v showed it to be a 
nit roso compound. The dihi/drate, 2KCI. IluCl.j.NO.^HjO, is deposited 
as black, ('lllorescent crystals when the molhcr-li(|uors of the salt arc 
slowly concentrated.^ 

/riu* con* sponding bromine and iodine derivatives, nnmelv, 
‘iKlIr.HulIry.NO and 2KI Itiilo.NO resj^cctively, have been pre- 
pared.’ • 

Ammonium Nitrosochlor**rutkenate/ 

(Nll,)aHu( I^N() or 2MI,Cl.UuCl3.NO, 
nn I its dihi/dr(ite arc pro))arcd in a similar manner to the potassium 
salt, which il resembles. The bromine and iodine analogues have also 
b(‘en obtained. 

Caesium Nitrosochlor-ruthenate, CsJtuCL.NO, and its! dihmlrafc. 
('SjHiiC'l ,. NO. 2ll20v‘ue known.® • • ^ 

Rubidium Nitrosochlor^-ruthenate, UbgHnCI-.NO, is preei]>itated as 
n raitier pale purple anhydrous salt oVi .nixing concentrated solutions 
of rubidium chloride and ruthenium nitrosoehloride.® On rccry? 5 lnllisa- 
tion from hot water very dark crystals are obtained. 

If, ho’vcvcr, dilute solutions of the above two compounds are 
mixecF and e^'afA)^ated over sulphuric acid the dihydrated .salt, 
UbaUuCIft.NO.^IIaO, separates out as large, dark purple crystals! 
I’hcse lose their water of crystallisalioii after further standing over 
concentrated sulphuric acid.® The hydrated crystals arc monoelinic^® 
and iso'morphous with the con’csponding easinm sfdt. 

* Hmard, .4wn. Chhn. Phys., 2i, 311 : ^Compf, raid., 189C, I22, 730; 123. 182. 
Joly, Compl. 1889, 108, 854 ; 1888, 107, 994. 

* IIowo, loc, cit. 

* Lind, J. Amer. Chtm. Sor., 1903, 25 , 928. 

* doly, Compt. Tfnd., 1888, 107, 994. 

* Jolv, ibid., 1889, 108, 854. 

’ Diitet, Bull. Sqc. Min., 1891, 14, 206. 

* doly, Comj4. rend., 1889, \o8, 864. 

» Howo, J. Ani€T. Chem. Soe., 1894, 16, 388 
N. D. CUrkc, iftnL, p. 305. 



Double Nitrites 

Potassium Ruthenium Nitrite, *s prepared h 

adding patassiiini nitrite t>o .a dilute, acidiited solut >n of nitheniui 
chloride at (>0® C. until thoosolution just hooomos alkaline.^ On eoi 
centrating slowly in the cold, orange-red crystal arc obtained. >Vit 
hydrochloric ac^id a nitroso derivative is ^)btained, whilst annnoniur 
efiloridc decomposes it with evolution of nitrogen. 

A basic salt, 8KN02.1tu20.(K02)4, hac also been isolated. ^ 

Sodium Ruthenium Nitrite, l■NaN0^.2l{u(N0Jy. 11L(X is ('biaine- 
♦n an analogous manner to the [xitassium sal},.«t Jf yi( Wt5 orange 
yellow, diehroie crystals vvliieh are easily soluble' in wat<r. The; 
efllorcsce upon exposure to air, and at 110 ' C. become anhydrous. 

HUTimNIUM AND PTIOSIMFORUS 

When spongy ruthenium is heated for fixe to six hours at 800*^ b 
8.50° C, with phosphorus pcntaehloride and some phosphorus triehloricic 
a complex substance, knowp as tetravhlor dirutheuhioi pentaphnsphoru 
irirhlnrliU'f Hu..('l or ‘2Uu(!lo..5P(’'l3, is obtained, nnd may be separatci 
by means of chloroform, in dark, reddish xellow crystals. TJie follow 
ing formula has been suggested* as representing theeonstltuti(ai of thi; 
substance : 

C! PCI3 ri 

CUVA\nA\\A\\iAK\. 

Cl PClg Cl 

The corresponding brom derivative. Ru 15r,gl\, has also beei 
obtained.* • 


RUTIIKNIUM AND CARltON 

Carbides of ruthenium arc not knt>wn. 

Ruthenium Dicarbonyl, RuCCO).^. — Ruthenium, like iron, yields 1 
^wJjoiiyl drrivativc, 1^ is obtained as an orange-yellow deposit u|)or 
subject ing^ruthenium black to the aeti<m of carbon monoxide at .800° C 
imdVr pressure of 400 atmospheres. The product is i \l raele(? Iron 
the rewdue by solution in aleoliol. It is insoluble in benzeiu' and ii; 
hydroehlorie acid, but sqjuble iu nitric ;iei<l and in bromine, g;is bein^ 
evolved. When lieated, a mirror of metallie rutlu nium is prodiieed.i 
In contradistinction to the other carbonyls of thw grcuip «f*metab 
ruthenium dicarbonyl is not volatile. 

Potassium Ruthenocyanide, K 4 l(ii{(VV) 8 . 8 ir 20 , is obtained by 
heating to the point of fiisRui ammoiiinm chior-ruthenale with a slight 
excess of potassium cyanide * for ten to lifteen minutes. Kxtr •ctiou 
the melt with boiling water and subsequeut evaporation yields crystals 
of potassium ruthenocyanide. * 

^ Dufet, loc, cit, i Jyly and Vires, Oompt, rend», 1 889, 109 , 667 . 

s Joly and Leidie, Vompt. rend., IBM, 118 , 468. 

* Dufet, loc. cii, • 

* Strccker and Schiirigin, Ber., 1900,^2, 1707. 

* Mond, Hirtr, and Cowap, Trans. Chem> Sor., 1910, 97 , 798;*Mond, Brit, 
Reports, 1915, p. 303. 

* Claus, BeUrS^t zur Chemit der PhiinmslaUtp 18.54, p. 97. 



. J^^)\vc ^ has prepared tlie salt in a variety of ways, the three yieldifig 
the Ijest results were as follows : 

(1) Fusi(»n of |1t>lassium ruthenium nitrosoehloridc wifh potassiifm 
eyanide. This fj^ivc a soi^ewhat hettoc •yield than the method I'f 
Claus. 

(2) Itutheiiiinn Iri^hloride fuse<l with potassium eyanide. 

(.2) The melt formed hy fusion of rutlieniurn in p(^laj»sium hydroxide 
and nitrate, and thus eontainin<( potassium ruthenafe, was dissolved in 
wah r and boiled with potassium eyanide. The orange eolour was 
([uiekly bl(‘aelu*d, the ruthenoeyanide prodfteed being subs(‘quently. 
isolated erystallij^jJion. 

JN)lassium rutla noeyanide erystallises scpiare pseudo-rhombic 
plat<‘s, isomorphous with the corresponding ferro and osmo-eyaiiides.^ 
Its solution in water yields no precipitate with salts of the alkaline 
earth metals as tluar ruthenoevanides are soluble. Ferric chloride gives 
a rich pur])le precipitate resembling Prussian blue in its chemical 
pro|M‘rlies. Soluble in pure water it is precipitated by salts or .alcohol. 
When precipitated in cotton til)re it adherc‘S well, imparling its own 
beautiful colour. Alkalies decompose the s.alt, whieli, lunvevoT, is 
re-f(»rmed <ui additirm of dilute Jieicl. 'i his* eoustitutes a useful lest for 
rut heuoeya!\ides. 

Ferrous sulj)hate yields, with potassium ruthenoeyaiud(‘, ji i^.mIc 
blue pnta'ipitate whieb gradually oxidises to Uie ])urplc one on stauding, 
but instautly ou addition of bromine. 

With liydfoehlorie acid hydrogen cyanide* is evolved on warming, 
and after a lime a deep violet-l>lue precipitate of ruthenium eyanide 
with a little potassium ^ cyanide is obtained, (’hloriuc colours the 
solution brownish yellow,* ])ossibly in eonsecpienee* of tlu* formation ot^ 
a rulhenieyanide, although /lo eryflalline salt can be isolatt'd from it. 

Barium Ruthenoeyanide, lhiJlu(CN)c.t*I I J), maybe ])r(*pared from 
the potassium salt as pale, straw-eoloured monoelinie crystals. It is 
slightly soluble in eeihl water. When preserv(‘d over sulpluirie? acid 
the crystals lose water of ery.slalfisation ; at 100'* C. .5-5 moleeules are 
expelled, the remaining half nioleeulc being retained up to iiearlv 

200^’ C.s < ‘ 

Strontium Ruthenoeyanide/ * 1 !' in-rn pupiireii 

by del’uiuposing the insoluble lead .salt ^fith sul[>Iujrie acid and neuU’alis- 
iug the tilt(*red hydrogen ruthenoeyanide with strontium hydpoxide.* 
It erystallises in pale straw-eoloured, clongaletl plates, probably mono- 
elinie, and wliieli readily dissolve in water. The corresponding .stron- 
tium tlrroeyauide'iikew ise crystallises with 15 molecules of wat :*r. 

Tlio following ruthenoeyanides have been obtained as precipitates 
by double decomposition wdh the potassiupi salt.® 

Lead, white. • * ^ 

Silver, white, curdy, insoluble both in ammoniaSiud nitric acid. 

Copper, pale green, floccu^ent. Not brown, as given by Claus, ^wliosc 
prdcluet was pri)Jl>{ibly contaminated with copper fcrrocyanide. 

Cadmium, wliitc, soluble in hot acid. 

Zinc, white. 

* Howo. J, Amer. Chem. Soc., 1806, i8, 081, 

• Diifo^ CompL rend,, 1805, I20, 377. 

* Howe, J.Amer, Chnn, St)c,, 1806, i8, 081. 

• Hoye and K. H. ( ampbcli, J, Amtr, Chem, 1S98, 20, 29. 
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Tin, both stannous and stannic, white. 

Merciirif, white. 

Bismnih, white, insoluble in nilrie afid. 

NirlrL dirty ^rocn, ehnn dn*^ to Idue wi'-h hvdro( ];i»rie aeid. 

Cohalt, pale red. 

Platinum, yelh)w-;;ret ii. 

M an^ianfse, white, scjluble in hydn^ehlorie aeiil. 

RUTHKNIUM AND SILICON . 

• Ruthenium Silicide, RuSi, resulls on he.illiv{»a nii\tnr[^of fineh 
divided rutheniimi and ery^slallistMl silieon in llie eivctrie lurnaee.^ Th 
product is eiiished and Ireaied suee(‘ssi\ ely with alkali and a inixtur 
of hjatrofliiorie and nilrie acids. The silieidi t<M^it}ur wilh carbornn 
duni nanains behind. The two may lx* sep.^!a1ed with mclhylem 
iodid(' on account of the lii^di density of rutheninin silieid(\ namely, 5*4 

nutluauum silicide is a very hard, while subslniua', of Lireai stai)ility 
It volalilis(s in the electric arc. Chhnaiu* slowly attacks it, (luorim 
readily. It burns in oxy^^^cn at hiirh temper.itnres, and is deeom|)ose( 
by suljdiur va])our at red Ikat.* Roiliny a(‘ids do not affect it. 

Detection and Estimation of Ruthenium. St e ('hapter X. 

* Moissan and Mancie •!, ('owpf. rend., IIXKK 137, 



CHAPTER V 

RHODIUM* AND ITS COMPOUNDS 

RHODIUM 

Syrnl)«IJlh. Atomic weight 102*9 (O ™ IG) 

Occurrence and History. ^ Rhodinm occurs^as an alloy iti platinum ore 
and osiniridinni. An alloy with gold, known as rhotUie or rhodium gold, 
contains IVom GO to 4G.pcr cent, of rhodinm, and has a dcjjsity of 15-5 
to IG S.' I'he metal was discovered by Wollaston, ^ ami so named 
from I he (ireek pAv, a rose, in recognition of the colour of aqueous 
solutions of its salts. 

Preparation. is obtained from platinum ores {set- 

analyses, j). 'Die solution from wiiic.h ])latimini has been preeipi- 

tat(‘d as amrnonhim (dilorplalinate is treated with metallic iron, >\hich 
precipitates the more noble metals.^ The last-named residue is fused 
with admixture of metallic^ lead and litharge. On cooling, the button 
of lead r(‘mai?iing is well eh-anod, and contains metals less easily oxiilised 
than ilself, auy others more readily oxidised being in the regulus and 
thus easily reiuov<‘d by. mechanical means. Treatment of the metallic 
button with nitric acid cffe<.*ts the solution of lead, copper, and palladium. 
The insoluble portion eoKitaining the rliodium and other metals is fusecl 
with excess of barium dioxjde, lixK^iated with water and then treated 
with acpia regia. This effects the liberation of osmium, which can be 
rocoven’d by distillation as explained on page 208 ; otherwise it may 
simply be bdlled.off in a fume-cupboard with a powerful draught, care 
being taken to avoid iidialation <tf the fumes, as these arc exceedingly 
{wisonous. When the odour of osmium has disappeared snllicient 
sulphuric acid is a(|^ded to precipilutc the Ijarium. 1 'he hllrattJ*^ 
evai)orated with a little nitric tK*id, and subse<jucntly taken'to dryness 
on tlw^ water-bath with excess of amiuRivum chloride. The residue is 
thoroughly waslietl with a concentrated solution of anunonium aliloride 
(which effeets the solution of the rhodium) u^til the wash waters cease 
to have an ap])r<*ciable rose colour. 11 ie liquid is evaporated with an 
excess* of nitric a«id to destroy the ammonium chloride, the resulting 
rhodiiun salt is moistened jvith ammonium sulphide, mixed with excess 
of sulphur and heated to reifhcss ih a closed crucible. Metallic rhodium 
remains which may be further purified by sncecs^ive prolonged boilings 
with ac^ia regia and eoncentrated sulphuric acid. • 

A still further purification of the rhodium is effected * by fusing the 
metal obtained in the preceding manner to dull redness with metallic 
zinc, whereby the com|)Ound RhZn^ is formed, with considerable heat 
evolution, a i>orlion of the zinc being volatilised. Oil cooling, treatment 
of the mass with eoncentrated hydrochloric add effects the solution of 
the excess of ziyc, the insoluble erystallujc alloy remaining unaffected. 

I 1>1 Ki(». And. Chim. Phys., 1825, 29 , 137, 

• Woll;\^ton. Phil. Trann., 18^4, p, 419. 

**l)ovUlo and Debray, Chitn. Phys., 1859, 56 , 385^ 
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Tfic last named is dissolved in acjiia rejjia, excess of ammonia q^de^ 
a%(l the s?»lntion evaporated to dryness, wlu*r(;bv the nionoohlor 
rhodium pentammine chloride is lorined. This is r' crystallised to re^ 
move traces of iridium, caldr.ed with siilpl.iir in a cieeihle, and /inallj 
healed in Die oxvhydroi^aMi flame to volatilise any still remainiji^ 
osmium. • 

Properties.* lihodium is a wlule im*^al resenihlin^r aluminium in 
appearance. Its density has been variously ^iven in values ranijing 
from 11 io 1*2*1.^ fts mean speeitic heat is O-OaS,- and its eoellieient 
of linear expansion vitli*rise of temperature is O-OMj/SS.^ 

• Rhodium melts at 1907” and hoils at abouti LMOii"’ It is less 
volatile than platinum,'^ nd wlien alloyed \vith that metal not only 
stiffens it, but, unlike iridium, re'duees its volatility at all t(‘mp(‘ra- 
tiircs above 000” C\ It has been su‘f<^e.sted ^ Iherehut', that a useful 
alloy fe)r best (pialily ernei!)les \vt>uld consist (^f plaiimmi 05 to 07 per 
cent., and rliodium 8 to 5 per cent., and eontainini* no otia r dt teelable 
impnrilies. Relow 000” ('. the |msenee of rhodium appcuirs to exert a 
ne^liLjible effect. When cooled io — SO” (’. rhodium appears Io imdcTp [0 
a moIee\ilar translormatlon of some kind, analo^^oiis to that evidenei‘d 
by copper. At iliis tempc ral uPe the ele«‘lrieal resistr.nec is C()nsidi rably 
below the caleiilat od value.’ The most intense lines in tlie speetfaim 
of rhodium are as follow * : 

Are: ;5‘2SOOS, 3283-71, :W2:b2k 8«0005, 31050:1, 10219. 

.3170-82, 3t7l 05, 3502-07, 3507-18, .3528-18, 3500-32, 3507-31, 
.3058-15, 3002-51, :1701-07, .3790-10’, 3050-00, llllo-OO, 41.35 15, 
1211-20, 1375-00, 5.351-00, 5500-08, 5083-81. - 

Sj)ark: 2010 .30, .3.300-90, .3502-71, ,3528-10, 3058-11, 3092-51,, 
.3701-10, .3700-15, 3822-11, ,W>0-C5, 39r0 02, 1375-01. 

AVhen rliodium is melted in the ]>resenec of charcoal some 7 per cent, 
of the ear])on is dissolved, only to be thn.wn out attain in the form of 
ffraphite on eoolin^^.® When heated in air the surfaei 'of the; metal 
becomes sliyddly larnislie<l or oxidist^l. 

Finely diviiied rliodium, such as tliat obtaiiud by the rediu-tion of 
Ifl^ salts in hydroyren, y a greyish, jioroiis jiowdi^r which only alisorbs 
small (jiiantities of hydro<»cn, altluaioli it acts as a eatalyser jn ])ro- 
niotiii^ the union of hydrogen tmd oxyi^en.’® \\ hen healed siroetily in 
air, o.>y^ren is absorbed and the pnaluet, once helieved to bi! rhodium 
monoxide, RhO, appea%>, froiw more- ncttnt researc-h, to be an ill*’ 
dermed mixture of nu-tallie rhodiuni ami its .st-stjuioxide. The reaction 
is noticeable at 000” (\, and increases in ve locity with rise (»C teunpera^ 

» 11 by Wejllastejn {Phil. Trans.. 1804, p.^l0)» by Cloud {Annates Mines, 1819, 
4 , 151), and 12-1 by Devillc nnd Debray {tor. cH.).* 

* liognault {Ann. Vhiw. Phys^ 18.'50, 4 O, 203 ; 1801, 63 , 15) gave the value 0-05,527. 

* Fizeau, Cow/rf. re?iyi.,*IS00. 68 , 1125. 

« Mendenhall anel Ingereoll, Phys. Heview, 1907, 25 , 1. 

* Oooke*s, Proc. Roy. Soc., 1911-12, a, 86 , 401. • 

• Jlurgegfl and Sale, Bureau of Siandardst Washington, No. 254, 11^5. 8 ce also J.*JndA 
tSng. Chem., 1914, 6, 452 ; 1916, 7 , 561 ; Burgeas anel Waltenbc^rg.^i/rfwtt of Standard^ 
IVa«Aing/07is No. 280, •1916. 

» Broniew.ski and Hackspiy, Compt.\end., 1911, 153 , 814. 

• Exiit^r and Haachek, Die Spektren dcr Eltmenle bei normntem Druck (Leipzig and 

Wien. 1911). . * 

• Moiaaan, Com jU. rend.. 1896, 123 , 16. , 

*® Quenne^ssen, Compt. rend., I 0 (M, 139 , 796; Butt. Soe, rhim., 1905, [iii], 33 , 191* 
Ppntrast Wilni, Ber., 1881. 14 , ^ 



turcJ At: r)r(linnry t/*rijpcra turns oxy^'cn is witliout action upon 
jjiodfiim. riiNiriiie attacks the tiucly divided luctaJ, t4ie rcacjyn 
hc^dnriinif al L\jU" C., yielding the trichloride, RhClg, wliich at hi^di 
tcnijK ratiircs un^lcrifocs par'ial dissociation. 

Ihomiiic lu'^diis to react at the same tf^ipcraturc (250'* C.), but the 
prodiu't has a variable composition, indicative of simultaneous dis- 
sociation. Thus' : 

2Uh*f alb j, ^ 2H]ilb-3.2 

Illiodiiiin is insohihlc in acids, even in ac^iia rej^ia, although when 
its alloys ar(‘ attacked by this latter mixture a portiem of the rhodiunj 
passes iiiDi sol u t iont • When fused with polassinm hydrogen sulphate, 
rhodium dissolves, yielding the sulphate. Tll<s reaction is interesting as 
affonling a convcnicait method of separating the metal from iridium and 
platinum (see ]). JUt). 

HIk dium that has been ])recipitated from solution evolves consider- 
able (plant it i('s of various gases, such as carbon di-oxidi'. hydrogen, and 
oxygtMi, when heated in vacuo. Aft('r tiiis treatment tlie metal does 
not occlude appn caable (piantitii^s of hydrogen or of carbon di-oxide 
betwei n 420” (k and 1020" C.‘^ , 

Colloidal Rhodium uiay be prcpaird by llredig’s method, which 
consists in sparking la twcen rhodium elect nxh's submerged in ii'c- 
ooolcd w'atcr, a current of 2 ampt res at 110 volts proving ust ful for the 
purpos^.'^ 'riie solution has a reddish brown colour, and is very 
unstable. 

Colloidal Allodium may also be prepared by reduction of pure 
rhodium salts with hvdra/ine hydrate, Trac’cs of impurity prevent tlu* 
formation of the hydr(*sol, which is very unstalde. Addition of a* 
protective colloid, such as a I per (^nt. solution of gum acacia, renders 
tlhi hydrosol stalde, so mu(*h so that it admits of concentration over 
sulphuric acid in vacuo, yielding a dark brown solid mass of (*olloidal 
metal, eontavung 90*4 per cent, of rhodium, and almost completely 
soluble in water. ^ Shaking th<‘ colloidal solution with barium sulphate 
or animal ehairoal servi s to eoagulatcr the metal. 

Sodium prot albate or lysall);it<^ ma^^ be us('d instead of gum acacia 

Colloidal rhodium ^alalytieall^v assists the dec* >mposition ol* hydrogen 
peroxide in a<pi(‘ous solution in a similar manner to colloidal |)iatinum. 

Colloidal rhodium prepared by llri'dig’s nudluxl in the forn^ ?>f an 
unstable solution containing (>-()02 gram of^mejtal ])er litre is toxic 
tow^irds pathogenic (Wganisms, but has no poisonous action on lish, 
frogs, and dogs unh'ss inji'ctcd in large doses.^ 

Explosive Rhodium* lu l«S(iS Ihmsen ® accddentally discovered 
that several of the [datiiufm mekds can be obtained in an explosive 
form. Rhodium is a ease in point. ^ If alli^yed with excess of zinc or 
cadmium, and the product treated with hydroehlorjc acid, the zinc (or 
cadmium) passes into solution, leaving, an insolul>lc residue of finely 
divided explosive rhodium. 

^ Ciutbicr, iSiitsch. anorg. Chem., 1916, 95 , 225. 

• (lUtbier and HUttlingcr, Zeitsch. anonj, Chan.^ 1910, 95 , 247. 

• Siovorl.s and Jurlseh, Ikr., 1912, 45 , 221, 

• Kornot nnd Arena, Htmi. Accad.S^. FU. MtU. 1909, [iii], 15,^67. 

• Oiitbier and Hofineior, ./. prakt. Chem., Ig05, [iij, 71 , 452, 

• Paal and ^tnibergcr, iStr., 1904, 37 , 124. 

’ banck’n, Compt, rrw</., ^911, 153 , I08S. 

" Bniiaen, 186 , 8 . 146 , 26.'>. 



KtlUDlUM AND ITS UUiUTOUNDB ; ^ 

* 15iiiiscii explained the explosive properly of the met»nl on tne assunip' 

tion that an unstable luodifieatifui or al!i)trope results from Ihe rfbovt 
piVhod of preparation, and that its eoi*version int<nthe stable variety 
is aceonipanied by explosivg vioh'uei*. Tl^s vi<‘W, however, is open to 
(juestioii. AVhen explosive rhodium is kept at ^00 to 200'' C. for 
se\oral da}s it eeases to be explosive. Furthryuore, if the melal is 
obtained by the foreijoin^r method in entire ab enee of air, it is not 
explosive. ^ • 

This su^f^a‘sts that the explosiveness is due to the union of the 
oeeluded oxyi'cn and hy lro^eai to form \valei\ and not to an inla iiait 
^•liainje in the metal itse lf, a sujeposition vhie h iv siij»]>ort(‘el bv lUi^asure- 
ment of the' amount of heat developiel durinir ixj^lovionJ 

Rhodium Black Ihi name ijiven te» the* blae-k preeapitate e>f in- 
ele tinile* eeunposition editaineei by re eluelif)!! e>f sohit iems of rhodium sails, 
as, for e*xamj)le‘. hy treatme nt vith ale‘ohe>l and ])e>tassimn hydroxide* or 
with a mixture' of anime)nimn l)y<lr»)xi(Ie, fe>rmat(‘, anei aee’laie'. 'I’hei 
|)ree*ipilate‘ eeinsists e)f melallie rhoelium asseu-ie.teel with more or less 
hyelriele or oxide*, anel in an cxeeeelin^^ly tine* state of subdivisiini.'** 
Inae-tivc rlioeliuin blaek heeonu's active after absorbing' e)X\'tfen for a 
lime. 

For tlic j)re‘paratie)n e)f rhe)elium Idae'k of pennaiient ealalylie 
ae'tivity the* pre.se iiea* of sul|>hur ee)mj)enmels appears 1e> be nee’essary.^ 
t'e>nvenienl inethexl.s of obtaininj.^ siie’li e’onsist in reelueiny^ r]u)elium 
srs<piisulpliiele' witli hu'mie’ aeiel ; anel by e*le (*t re)lyl ie* de position of 
riioelium blae'k freun a se)hi1ioi. e)f rlhKlium in (JO jier « <ait. sulpliuriu 
ae-iel by a eurre nt eif 002 ampe're* at FSlf (\ * 

l\he)elium blae’k elisseilves not only in aepia refdJi* but also in eon- 
eenlraleel suljihurie aeiel and in hydreM'blorie* ae’id in the presefiee* of 
air.'* It possesse’s poweTful e*atalv'>h’ pio)Krlies. elee'om posing Ibrmic 
acid into e-arhon elieixieh’ and hyelrotje ii a- ordinary le rupe ralure s ; 
aleoholie’ jiotash into jiejiassium ae'(‘tat<‘ ai.el IiV(lroLV*n : anel liberating 
o\yj.M n fre)in se»lulie)ns of alkali hypoe*hl<»rit(*s. 'I'he* mo; ' ule* e»f ozone 
is (li'snipti*el by rhoelium black, yieldhitr (‘rdinary oN vy-. n. 

Ffe’cipitatcd rhodium, wlu'n heated in a \acuum, e‘\’e>]v(s a e-on- 
s«k*rable Nolurne of g^s consist iiig of a mixture* of earbon elioxieh*, 
oxygen, hydroge n, and water.® 

Uses. Rhoelium is used, iioth ale)iu* but generally alloyet’ with 
platinwm, in the const rnetion »>f seie iilihe apparatus sneh as erueibles.* 
A rlioeliuin erueihle* is, fi^^all pvaetieal ]mrpose’s, as n sistant as one of 
iridium, anel is be)l h e*IuapeT anel lighter.^ It has also found applieatiem 
in the maunfae*ture of thermo-rhi lrie couple’s.® Rhodium j>l.'4ek has 
been uscei for jirodueing a blaek eeijour in tlie; decoration of j)e)ree- 
lain.® ^ ‘ 

Atomic Weight. .tfomic H e’/g///. - Thai the atomic 

weight e)f rhodium is appreixlinately 10»‘} anel ne>l a multiple oi.fraetiori 

1 ff. Cohen anel .Strengers, ZfAUch. phyAkaL ('hf m., I flOS, 6i, 008. 

* Sschonl>ein, J, prakt. Chem.^ IStW, 98, 70; IfiipjK? f're !• i. lUr% ls83, 16, 117, ’ 

* Hredig and Blackaddcr, Zeitjtrh, phpfiil'al. lalL', 81, 

* Wilm, her,, 1881* 029 ; UevilliJ and Oebray, i ompt. u ml,, 1874, 78, 1782, 

* ,8icvert» and JurLich, litr.j 1912, 45, 221. 

* Si;e^urgo38 and Sale, Bureau of B{andard9, W aefUinyton , No. 264, 1915. 

’ Crookes, Proc. Roy, Soc,^ 1908? 80, a, 536. • 

* \Ai Chatelicr, Compl, rend., 1886, 102, 819; Bosnian, Atncr. J, Bci., 1910, 30, 1. 

* Frick, Anuales Mines, 1835, 7, 481^ 



of this amount is evident from a variety of considerations. These nifty 
Hy sifininaris<Ml as follows : 

* (I) Ar(s)rdiriir ^o Dulonj[( j«id Pel it’s Law tJie atonuc wci^dit •t>f 
rhodium is of the order of 1 ^(^ iis specific; l^eat f>ein^r 0 058, and a mean 
aloinie licjd of 0*1 i)eint( assumed. 

(2) According to Ijie Periociie C’lassilication, rhodium, which in its 
profxrl i(‘s hirms a mean JK^tween cohalt and iridiuin, and bclwccn 
rulhcnium and palladium, should have an atomic ^^*i;rht intermediate 
hclweeii the values for these extreme el<*men(s, namely, from 102 to 105. 

(.*t) Kluxliiiin, like eohalt, iron, and akunijjium, yields a nell-defined 
series of alums. Appliealion of Milseherlieh’s Law of Lsomorphisn^ 
indicates Unit tliese nftvc the j'eneral formula: 

]VLS 04 .Uh,(S 0 ,),j. 21 IL 0 . 

Analyses of these salts .prov’c tliat the atomic weii^ht of rJi(Klium is 
approximately KKh 

l\,v(irt Atomic Weii^ht, — The earliest determiiiiitious of the atomic 
weight of rhodium, published hy Herzelius ^ in 1S2S, are now only of 
historical interest, his results, ohtaiued from analyses of the sodium 
and potassium ehlor-rhodites, Na 3 HhCTg uiid K* 2 lU»C'l 5 , varviuj;^ from 
lih 10:]1 to Rh ^ lOtrl. 

The tirst reasonably aeeurate (hderminations were those of Jorgensen- 
in 188J^ who reduced ehlorojichtamininc-rhodium diehloride, 

[Uh(Nn3),ciici2, 

and the corivs]ionding hromine compound, |Hh(NfI;,)r,l>r)l}r 2 , to tlie 
metal hy lu'uting them in a stream of hydrogt‘n. Suhsecpient experi 
meiilers, namely, Senhert and Kohlic,^ Hid t linger,* Dillmar,*'’ and* 
Ileiiz,® have used the same t\yo eom|1ounds. 'I’Ih' result s are as follow ^ : 


Rh(Nir3),(l3 : Hh : : 100 000 ; a* 


Jorgensen * 

t expts.^ 

X -• 

:U !)S|. wliciicc lift 

-- jo-i-oa 

Seuhert and Kohhe 

10 expts. 

X 

„ AVi 

- 102-92 

Hid t linger 

3 ex pis. 

X 

.‘U „ nil 

102-93 

Dittmar 1 

7 expts. 

x*^ 

;u !>:>.> „ A’/t 

- l02-9f 


Rh(NIl3)5Rr3 : Rh 100 000 : x 

Jorgensen 1 oxpt. x = 2h0()5 w.hence Rh = 102^97 

Ren/, 10 expts. x ^ 2L0J;{ „ Rh = 102 90 

Jorgeijscn niad^ one analysis of the hromine dc.'rivalive for hnimin^, 
whilst Seuhert and Ivohbc made one estimation of chlorine in the other 
compound, the results heiug*as foflow : ^ 

Rh(Nll 3 ) 5 Rr 3 : JAgRr : : 100 000* : 131*02 x’^hcyicc Rh 102-14 
RhCN 113)5013 : 3AgCI : ; 100*000 : IJ5-91 „ Rh = 103-12 

••Berzoliua, l\^g^ Annakn^ IS28, 13, 4.'{o. 

* .16r;:»r risen, J. pmkl. Chrm.^ ISSJl, (ii|, 27, ISO. 

* SeulK'rt and Kobbe, Annalcn^ I8t)0, 260, 314. 

* llUtilinjtcr, Sitz. phgu. vivd. iSvz, Erlaugt n, 1907, 39, J. 

* II. Dittmar, ibid., 1909, 40, 184. 

* R«nz, Imugurq! Dissertation, Erlancen, l!)09.« 

^ The antecedent data used ia the oaioulations in this section are as follow : O » 
jiO OOO. H - 1007G2, N « 14 008, Cl « 35-45^ Br » 79-91G, Ag =» 107*880. 


•The vafiic nccc’pfcd by the lutomrttiouvl Coninhttee oh AtortlK^ 
Weights for^l92l is: * ^ 

Rh 1021^ 

which, judging from the e^ncordaneo belwc(M\ the jjfeeeding results, 
i\j)p<'ars to be !i close !ij>|>ro\imati(»n to the correct value. 

Alloys. ■ KIuhIIuiu does not «nllc)y with siher. When added to 
molten silver it^thmts on the .siiri'aee and is reeoA'ered, on cooling, in 
the amorphous condition.^ 

It alloys with g<»ld, ai] alloy, which probably contains a real com- 
maind, being obtained with 1 per cent, of rhodium, ;;nd which is « ntircly 
soluble in a(pia regia. A 10 per cent, inixturi'^yic Id fV *^rliodium, 
on cooling, in the form of <l‘athery crystals, whilst if still more rhotlium 
is prest-nt. it s parates as the amorphous inetald 

Aildt'd to molten bismuth, a ervstidliiu' tel rabisniut hide is formed^ 
of composition <‘orres])onding to the fortimla Hhlli,. 

With tin, the ciunpound HhSn.j is ]>roduced, which may be isolated 
fmm the melt by treating with diluted hydrochloric a('id, 

UlKHlium dis‘^olves in molten zinc at dull ndness, and (ni treating 
the pnHluet with coiwent rat( d^ liydroehloric acid, tlu* cNcess of zinc- 
:lissolves, lea\inga crystalline powtier of com|>osition (••)rr(‘sponding to 
th(‘ formula Ith/n... The formation of this insohd)lc alloy afhu'ds a, 
convenient method of purifymg rhodium (see p. l.Ot). 

Uiiodium readily alloys with platinum, stiffening it and yielding 
mixlures that an* uscd’iil for a va*'i<‘ty of Ial)oratory ])urpo^' s. lUiodimn 
retiuees the; loss in we ight of platinum liy volat ilisatiem a^ all teinjura- 
lures al)o\ <‘ 900 and it has the reldre hee ii sngge ste el that a Use ful’ 
;dloy for best (piality erueihles ‘Mvonld be* plalimim e'ontaining 0 te> 5^ 
per e'e'iit. (»!' ihodinm, praelieedly freye* from iro * and iriehiim, and con- 
taining no other de*te‘etable impuritie s." - 

Alhiys ee>ntaining less than 5 per cent, of rhoeiimn are soluble' in 
riepia regia. An alloy containing 00 pe r ecid. of thodiu* is inse>Iublc 
in aepia regia, and is inern' readily fmje-d than rliodimn itself.^ 

Ne) eomjKimiels of platinum and rlioilium appear te* exist be tween 
lU^iJimits e)r 0 and 55 per cemt. *'f rhoeiium. 

'iVi[)le ^dloys, etmlaifiing rhodium, indium, and jilatimnn are found 
in naUirc (se*c Platinum). 

1IH(J1MUM*AN1) CIILOKINK 

Rhodium Dichloride^ Hhf'Ij, is st.aleel to resuh as a (hdl violet : 
I^Miwder on passing chlorine over healed rhodium •'* eir rhodium mono-, 
sulphide, UhS.*’' Whether or not il is a separate elie inieal entity m 
uncertain,’ but the balance* of evidence apjicars to be in favour of th 6 
assumption that it<is not. 

* R^sslt r, Chan. ZeU.^ 1900, 24 , 73!t. 

* i^urgess and iSulc, Tiurtau of Sfamhnls, Wa^fhtnfjton. No. 2a4. 391.0. 

’ Bam 8 , Phil. 1892,34, 376; Watthev, I'rtr. Pot/. IH92, 51 , 447; Pewii^ 

and Fleming, Phil. Mtfij., 1892, 34 , 320; IS93, 36 , 271. 

* SosDian, Atmr. J. Sex., 1910, 30 , 4. 

® rtrf€ infra. 

* FcllenUrg, Vogg. AniuiUn, 1840, 56 , 61, , 

’ ClauB, Bdtr&ge zur Chemit dcr PlatinmetalU, 1854,^. 03 ; Lcddir, Ann. Chim. Phy$i^ 
1889 , 17 , 257 . 



Insoluble Rhodium Trichloride, RhClg, may be obtaincdln a variety 

t»f miys ; * • m 

• (I) I lie of at dull red heat. Bcr/gJius observed 

tfial nichillic fhodiuni, in iinely divided state, >vlieii heated to dull 
reduess in ehlofine absorbs some of the* jLjas, yielding a product of 
empirical formula Bl^jC'l^, which he regarfled as a mixture of rhodium 
di> ind trichlorides, KhCl^ mid UhClg. Claus/ however, concluded 
that neither Bh/'lr, nor could be obtained ifc a separate entity 

by this method, and that. Ihrzeliu.s’ product was a mixture of rhodium 
trieliloride am! imat tacked rhodium. Ncvcrtlielcss, (dans himself was 
ne\('r ahlc to cause rhodium under these conditions to take up tlic 
lh(‘or< lieaT ([uantit rtf chlorine rcijuired for complete conversion of the 
metal inlo trieliloride. laidie - many ycars^later exjx'ricneed the same 
dillieully hoth with liuely divided metallic rhodium and with rhodium 
black. 'Fhe lal ler gave (h'eichtlly the best results at red heal, the mean 
of three n'sults being as follows : 

Found. Caloiilatcd. 

Hhodlum .... 51*(Ki .. ‘M)tl 

(dilorine .... 48*.‘n 5()-.59 

It appears ])robabl(’, therefore, lhaf rhodium trichloride undergoes 
parlial dissociation at dull r(‘d heal, i.e. at about 550'’ C. The reaidioii 
'between chlorine and limdy <livided rhodium begins ® at {diout 250'" C. 

(2)*15y prolonged luaiting of rliodium ses(|uisulpbido in elilorine. It 
is exceedingly dilVKMilt, however, to expel the whole of the sulphur in 
this maimer, f Lejdir ^ found that even after exposure to ehlorim; for 
eight hours at a dull red heat the product contained O Sl per cent, of 
sulphur. 

(8) A eou\ ('ni(‘nt method of obtaining insoluble rliodium Incdiloride 
eousisls in beating ils alloy wilh\in, namely, KhSn^, to ttO'’ C. in a 
rapid current of chlorine gas. Air and moist nre are lirsl displaced hy 
carbon dioxide; elilorine is then admilled and the temperature raise(l. 
The alloy is* vigvirously allaeked^ the tin escaping in the form of its 
volatile chloride, rluKlium Iriehloridi' remaining bidiind.'* The product 
is cooled in ehloriiu', which is subse(|ueutly displaced by carbon dioxide. 
It is very important* t hal both air and moiskire should by exehitTfd 
during the reaelioii, as otlierwlsi* complex oxy derivatives of tin are 
prodileed which are not volalile at the temperatures used, and incom- 
plete separation of the metals occurs. • 

As obtained in this maiiiKT rhodium tvichloride is a !)riek-red 
[lowder, insoluble alike in water and in acids/ 

a subsequent memoir Lcidic^ recommends the following 
method: ^ 

The anliydrous sodium, potassium, and ammonium ehlor-rhodites 
{vide infra) on being healed in a current of plire, dry elilorine are decom- 
posed into insoluble rhodium trichloride and the alkali chloride. The 
resulting mass is cooled in chlorine, wine’ll! gas is linally replaced by dry 
cai*tjon (lioxide. ^ If ammonium ehlor-rlHulite >vas employed initially the 
’product now consists of pure rhodiimi triehloridj', the ammonium 

* Claus, cU.y p. ; J. proki\ Chan.y 1^60, 8o, 282, 306. 

- I.a*hiio, .4«n. Vhim, Phy.f.y 1880, 17 , 257. 

® (3uU)irr and Huttlingcr, Zciisch, anvrg. Chcfti., 1916, 95 , 247. 

* Lt'iauS loc. cit, » 

* Leidic^, Compt, retui,, 1899, 12 ^ 1249. 



chloride havings completely volatilised. If the stKliiim or {Kdasjinii^ 
iiijt was enijiloved, the product is extraetctl witli wafer, the alkali salt 
li.i oIvin^,^ leaving' the insoluble rhodium triehlorid( )* hind. As in this 
iatter case a trace of alkali is liable t<» be lef" behind, il is [)referable to 
use the ammonium salt. 

(5) Finally, when soluble rhodium trichloride [ihlr injnt) is heated 
to 410° C. in chlorine, it is converted into the in.soluhle salt.* 

Obtained by these inetluKls rhodium trieliloride is a red powder, 
insoluble iu water and in acids. It is doeomposed by eonei iitraUal 
a(jueous jK)lash, the resulting solution behaving like tfiat of rh(.dimn 
s<;S(pnoxides in the atkulies. It dissolves in eonveiitiritcd solutions 
of potassium cyanide and of alkali oxalates, yiehliiiy eom^ lex cyanides 
and oxalates respectively. 

When heated in chlorine with the chloride of an alkali nutal, a 
double chloride or alkali ehlorrhodile is formed, w*)ieh is st>lnbl(‘ in water, 
Ilydrog(‘n redue(‘s it at dull red heat to the pure im tal. the rediu'ing 
action taking place at temperatures as low as (\ with pure 

hydrogen.- It undergoes slight dissociation at higli temperatures, and 
if lieated in a current of chlorine to bright redness a slight fonnation 
of snhlimatc takes place, th»‘ e«. nposition of wliieh varies slightly, but 
approximates to thjit rciphn tl for the forinnia IthCla.^ When raisi d to 
a bright red heat rhodinm trichloride is gradually rednecd to i!ie metal.* 

Soluble Rhodium Trichloride, HhC' 1 . 5 ..rH.^d, may be prepared by 
dissolving the hydrated sescpiioxicle in concentrated lj>(lr:»ehlori(* acid 
and evaporating. The product is not quite pure on at - unit of Ha 
[iresonee of alkali in the ses(|uioxide. (.Vaisecpienlly it is advi.sable to „ 
extract with ah'oliol, which dissolves the rhodium .salt, filter, evajiorale, 
and reer^'stallise from water. 

faidie ® recommends the followiiii^ method of jireparation ; Finely 
divided rhodium and excess of .sodium chloride are heated to the fusion 
point of the latter in chlorine, aiei the resulting mixtme «>f double 
chloride and excess sodium ehloridt' dissolved in twice i. . weight of 
water. Concentrated hydrochloric acid is now adtied, and the wliolc 
allowed to stand twenty-four hours, whereby soilinm ehlorid(‘ crystallises 
out , The solution is de<'anted, cooled to O ' C., and hytlrogen chloride 
gas passed *411. After saturation with tl.e gas the containing vessel is 
sealed j;^nd kept for several days tit U"C., whereby the remaining excess 
of sodiiyn eliloride crystallises out. After <l<*canting, the solution is 
gently cvajHmited until syrupy, •and finally exposed over potassium 
hydroxide until all uncoinbined water has been removed. 

The product is hydrated rhodium trichloride, which, act*oidifig to 
Claus® contains eight molecules of water. Laddie, ^ on the other hand, 
concluded that the anuamt ojf water varies and does not eorrespond to 
any definite hydrate. It is an amorphous, brick-red, deliqucseenl sub- 
stance which, on heating to 90 -95° C., still retains four to five mo'eenle.s 
of water and two of hydrogen chloride. At 100° C. it loses water ami > 
hydrogen chloride simultaneously, and at 175 -l«0° C. it is eoniplet ly 
dehydrated. At 300° C. it bccomc.s insoluble in water, but it is most 

» Ann. Chirr, Fhja., 1889, 17, 257. 

* Phillips, Mw^r. Chern. J., 1894, l6, 255. 

* Licrdic, loc. cii. , 

* Clans, Ikiirdg^, etc., p. 64. 

* Compt. re^d., 1899, 129, 1^49. 

* Claus, J. prakl. l8t)U, 80, 282, 506. 
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COBALT, NICKKL, AND ELEMENTS Of 


ceadily converted into t]ie insoluble form by heating to 4t0° C. in a 

fiirrcnl of cliloririf. * , , . i ^ n i- , i J4 

Itliodiuin IrieTihnide united with chlorides of the alhali metal!#to 
yield two ty])(‘.s#of double talts, namely, tiio rhodolm'achloridcs or hem- 
ehlor-rhoditrs of general formula llhCly^SMCl or MjUhC'lfl; and the 
rhodtijientaehlorides of pentachlor-rhodites of general formula It h(’lt.‘JM( 1 
or MJtlit’l.i, \vliieh correspond to the chlor-iridites^iuvX chlor-ruihcnilcs 


lespeetivt'Iy. 


(A) Jlexachlor-rhoditcs, M^ltliCle 


'rhese are isomorphous with the corresponding hexaehlor-iridilesA 

Potassium Hexatfhlor*»rhodlte, K^UhC-l^.. Aep, was stated by ( laiis - 
Im‘ formed on dissolving tlie hydrated ses(|tiioxide in hvdroehlorie aeul 
and adding a concentrated solution of potassium chloride. The yellow, 
acid solution becomes gradually red in colour, and in the course of a 
few we(‘ks dark red, elllorcsccnt crystals s(‘paratc out. These were 
found to contain six molecules of water, of which three were readily lost 
on exposuri! to air. 

licidie ^ was not aide to conlirm the above, but succeeded in isolating 
what he believc'd to be the trihydrale. K^jUhCle.Jil!,/), as the result ^ of 
di'coinposing potassium rhodium nitrile with warm hydrochloric acid, 
but which DulTour regards as the viomihifdratc, KaUhCig.Il./), isonior- 
jdious with the indium analogue, KalrClg.IlgO. 

IWassiiun chlor-rhodite is decoinjiosed by wat(*r into potassium 
chloride and the double salt Hh(1^.‘2KC1, which is anhydrous and 
crystallises feadily from aipieous solution. Owing to this ready deeom- 
])osition, ]K)tassium chlor-rhodite cannot be prepared by simply mixing* 
jiotassium and rhotliuin chlorides in soluticin. 

When heatt'd in dry hydrogen. chloride gas, the water of crystallisa- 
tion is liberated without t'he formation of rhodium sesquioxide, and the 
salt is transrormed, slowly at but ra]>idly at tJO^ C., into 

insoluble rbodium trichloride and iiotassimu chloride*. The latter may 
be dissolved away with hot water. 

SodiumHexachlor-rhodite,NnaHbf’l 6 : bSU,0, is prepared by heating 
linely iliviiled rhodium aiul soeliuin chloride to ri'diuss in a current ot 
chlorine.® Claus ® * receunmends heiding the rhoilium jn ell^vAinc, 
ce)o?uig, adding the alkali chloride., and again heating in chlorine. 
There is then less danger of jiarticles of rhodium remaining iina+taeked. 

On extracting the product with water and evaporating,* the salt 
crystallises out. 

A more convenient melhod of preparation consists in warming 
sodium rhodium nitrite, 8 iS’aNOo.Hh(NO.>) 3 » with concentrated hydro- 
chloric acid.’ 'fhe salt crystallises in garnet-red octahedra, which 
elllorcscc on ex])osurc to air. They an* soluble ii\ water, l)ut not 
in alcohol. The amount of water of crystallivation has been a mjittcr 
i>f dispute, llerzelius found a result agreeing with that of 

Lcidic ® obtained many years later. 

» Duffour, Co\npi. rend,, 1912, 155 , 222. 

Claus, Jkitrwjc, etc., p. 21. 

^ Loidio, Ann. Chtm. Vhp.'i., 1S89, 17 , 257. 

• lA'iiiio, Compt. rend., 1890, III, lOrt. 

IJorzolius, /*(>«/(/. AnnaUn, 1828, 13 , 437. 

• Claus, licit'rdtp t otc., p. 70. 

’ Compt. rend., 1890, ill, lOG. ^ 

• Leidio, Chim. Vhys., 1889, 17 , «57. Sec Clau?, luc. cU., uho found 24H,C; 



RfiODlUM ANl) ITS COMTOtJNM til 

‘Ammonium He3cachlor**rhodite, •i(NH4)3ph(1fl. 81120, may bc^prcj 

pvvod by solutions of rl>04|ium trichloriilo and aniinoninig 

c-h.oridf, the latter in excess. On slo^\ evaporatio?. in tlie cold, lonjf 
red needles crystallise out,^ 

The same salt is iornual wlien ammonium rhodoehlornitratc, 
l?hl'l 3 .JjNlI^('I . NII^XO.,, is decomposed with water and allow cal to 
stand. “ In I’aet this is a better melh(«d of prepariiiLr the eomjuumd 
than th(' pre vious one, since there is no danj^er ol' its bi in^ eontamiualt d 
with crystals ol* ammonium chlori<h‘ 

Furtiu r. it is obtaiiucl on winniiue ammonium rhodium nitrite v\ilh 
ca)ncentrateil hvdroelilorie aeid.^ It is readdv >oJul)h in water, but 
not in alcohol. 'I’he crystals ilo not t illoresiv. \\ h- i? heali il to 
tflowin^, metallic rhodium is h t’t. Aeeonhn^ to (hitbica* and lliit tlin^i r ** 
the salt may also be prepared by satuiatint: an atpu-ous solution of 
potassium pcntachlor-rhodite, KolthFl,. wi*h hydrogen chloride, 
which efha'ts the ]>irei])itation ol‘ most ol‘ the ])otassium ehloriih*, and 
subs('<piently addim^ ammonium chloride. The salt separates on 
standing as dark red cryslals.‘' 

Pcm,ivhi(fr-rhodiieSy M^HhC'lg 

Ammonium Pcntachlor-rhodite, (N"H.,)J{h('li. -This salt, assoelaied 
with two moh'cules of water, was stated by C laus to result on boiliuji,^ 
a solution of ammonium liera<’hlor-rhodi(e. 'Flu' nionohydraleii salt is 
prepared by eoneeiit rating; a mixed s<*lution of j’hodium chloride aiui 
ammonimn ehloridi* in llie theoretical cjiumlilies. It separates out in 
dark n'd eryslals. 

Caesium Pcntachlor-rhodite, Fs hC’l j,. lJd> is ol)tained as a beauti- 
ful rose-coloured preeijiitale by (*one( at rat hii; m xed sohit ions of eiesium 
ehloride and potassium penlachlor rlioditc. It is also prepari>d by 
eonecutratin,i( a mixed solution of ('.esinni and rhodium ehlorides in the 
reipiisitt' ]U’oportious.’ 

Potassium Pcntachlor-rhodite, F.^HhC’lji, is o^)taih^d m the anhy- 
drous condition when tincly divided rhodium is heatcxl to rcilness whtJi 
pot;\ssium chloride in a current o’’<*hloriMe ( Her/.< lius). 

'J'he nmss is extracted with water and eryslaiuscd. Iler/clius siijr- 
<^este(Uhe formula llhCIy. ‘JKCl . «ll J). hut Leidie*^was unable to (smtirin 
the [)r(;scncc of water. It seems ju’obable, tln'reforc, that Ilcr/clius 
liad obtained a mixture nf salts.. 

Another method of preparin*^ tliis salt consists in mixiuj^; solutions 
of rhodium trichloride and an excess of potassium chha ide ; on aHowin;( 
to crystallise, the anhydrous salt, KglFiC’lg. sej)araU.s out in ortho- 
rhoml3ic crystals, of reddish colour, but ^1 ;.;litly soluble in water and 
insoluble in alcoliol. 

also Thomson, Schuxig<jf'r'» J., 1820, 47, 02; Uh wifiut, J. pralA. (.'hun.^ IBH' 15, 120^ 
Gutbior^aricl Hiittlingor (/icr., lOOS, 41* 210) find iL’U J). 

^ Oaus, cLo., p. 71 ; KchTKirin, Pt/gg. AnuuUn, IS.'iO, 99 , 2SI. 

* Loidie, loc. cit. ; see also Wilm, Zeitach, anurg. L'hw., Isy2, 2, Id, 03. 

* Ijcidie, Com [it. rend.^ 1890, irx, 100. 

* Guthicr and IIuttlmgcT, ]kr., 1908, 41, 210. 

^ Mcthi^lamine derivatives liave been prepared. Vineeiit, Compl, rend., iSho, loi, 
322; Friedel, p. 322. 

* Gutbier and Hiittlinger, />Vr., itlOS, 41, 210. 

’ Gutbier and Jliittlingf r, lac. cit. 

* Leidie, Ann, Chim, Pkys,, 1889, X7, 967. 



The dihydrate of this.salt^ K2RhCJ5.2ll20, was stated by Claifti 
to be formed on adding potassium chloride to a solutioiy of sodiurn 
ehlor-rhodito. It •crystallises In small brown prisms wtiich do liot 
elllorc'sec, and aai* rather dil^icultly solubleiin water. 

'riu; monohydrate, KjllhCIj.lIgO, is obtained on fusing spongy 
rhodium with twice fts weight of potassium eliloride in a stream of 
chloiine. On cooling, the myiss is extraeted with watgp, and the solution, 
evaporated under reduced pressure, deposits deep red crystals of the 
monohytlraled salt. If the mother-liquors are now saturated with 
' hydrogen chloride to [)rccipitate tlie excess of potassium chloride, and 
evaporat('d, dark r«(h sparingly soluble crystals of potassium chlor* 
rhodile, K.jUhClrt.JVll./), arc obtained. ^ ^ 

Rubidium Pentachlor^rhotditey llbJUiClg.lI./), is pre])ared in a 
similar manner to the etesium salt {vide supra). It is formed as a red 
precipitate. • 

RHODIUM AND RUOMINK 


Rhodium Tribromide, RhRr.^. — Rromine begins to act on linely 
divided rhodium at about 250^ C., buj the product has an uncertain 
composition attributable to partial dissociation at the temperature of 
formation. Thus ^ : 

2Rh I :U3r2 ‘iUhUrg. 

'idle dihydrate, Khlh’;,.2l!./), may be ])repared by h(‘ating to 80^^ to 
1()0‘^ (\ in a staled tube spongy rhodium with 40 per cent, hydrobrornic 
acid and a little bromine.* The product is distilled under diminished 
])ressure to remove excess of hydrobrornic acid, the residue diluted with 
water and concentrated* fa vacuo over sulplmrii’ acid, and linally over 
fused potash. The crystals obtaiSied are blackish red in colour, and 
M*ry soluble in water. At 100° to 140"^ C. they lose water and hydrogen 
bromide. With potassium hydroxide solution a basic salt is jirecipi- 
taled, luvimiy, Rh(OH) 2 Rr. 2 H\j(), the solution containing potassium 
pentabromrhodile, K^Klilb’y liy adding a slight excess of rhodium 
l)romide solutions to tiiose of alkali bromides, double salts are obtained.* 
These have the general formula KbRr^.^MUr or M.^jHliBr^, aiulpurc 
known as : 

Pentabromrhodites i)r liliodopcntahrumides, 

Ammonium Pentabromrhodite, (NH 4 )J{hRrj,, is couveuienMy pre- 
j>ared by precipitating potassium bromide fre.m a solution of potassium 
pentabromrhodite by passing in hydrogin bromide. To the iillrate 
dilute animonium*l)romide solution ® is added. On standing for several 
days the salt .separates out, in blackish green crystals.® 

Cttsium Pentabromrhodite,! SjR hi 11 * 5 , Tcsults when a solution of the 
potassium salt is deeomjioscd by addition of a t^onoentrated solution of 
Ciesium* bromide.® The .salt separates out as a green preeij)itate. 

, Potassium Pentabrom/hodite, KjHhRr^. is obtained by heating 
linely divided rhodium with potassium bromide in a stream of bromine 

' (Mnus, BeitrUge, etc., p. 72. 

Soubertaiid Kobbo, iicr., 1890,23,2360 ; (jutbieraml Huttlinger,JBtf., 1908,4i,210e 

* Uutbier and ilUttlinger, ationj. Vhem., IDIO, 95, 247. 

* (.loloubkiue, ljull. Sue. ckim. Bibj., 1910, 24 , 388. 

^ A cuacontrat^ Molutiun ammouium bromide Vrill not serve, probably because 
tlm rhodium dorivativo is aoluble in it. 

* Uutbicr and HUttliuger, Her., 1908, 41 , ilO. 



vaTf>our. On coolin"» the niass is extracted with wator» and tho #l|ferc 
solution for t*rvstals.^ TIk'I' air obtaiiaal as small irrr^ul^i 

loi (lark Lrr(‘rn in colour. 

Rubidium Pentabromrbodite, Hl^HId'r-, has hc^ iu im part'd in a 
similar manner to tiu' cjcsimn sail.* It has a darker i^ret n colour than 
the last named. 

Sodium and Barium Pentabromrhodites have also been prepareil.^ 


HITODIITM AND lODIXK 

' On addin" a warm, coneeiil rated solution ot‘ pota sium iodidt' to 
one of rliodium hriMiiide blaek preeipitate of Rhodium Tri^iodide, 
Ithlj. is ol)tai?ied.“ Dilute solutions "iv(‘ no precipitate in the (’old. 


HIIODIUM AND OXYGHN 


At ordinary temperature oxy^^ai lias no action whatever n])on 
rlKMlium, wheliier in the (‘ompaet or the finely dividt'd condition. Dpoii 
heat in" the fmely divided lutlat in air oxy^aai is ahsorlx’d, th(‘ reaction 
beiii" notic('al)le at (100 ‘ ('. and j>roccedin" with a ^rc^atly acceleral(‘d 
velocity at hi^duT tcnijX’ratures, as indicated in the followiii" table 


TornjuT.'Utire. 

(100 r. 

700 ' C. 
SOO ’ 
1000" (’. 


Jvi'action velocity. 

1 

ao 

70 

so 


Analysis of tin* product ohtaiiu I at hi<^di temjierat ures in air led 
both llerzelius and Wilm * to eouehido th.d un oxid(‘ of eomjxisition 
re])resented hy tlu' formula llhO is produced ; hut ( Jause'* addiici'd 
evidence in favour of the assumption that it is not a sep de ehenii(‘al 
entity, tait a mixture of unoxidised n lal and its srs(piio\i«le. Leidie ® : 
in 1SS9 repeated th(‘ (xperirnenls of former iiive-.li"ators, olitainin" 
somewhat similar results. lie u'sely ]>oinled out lliat I hose eamiol ho 
rcjLjarded ;‘s eouelusive ( vide iiee c ither way, aiiu for the present Ihc 
exist(‘nee of rhodium nionoxide.niust Ix’ !(''jfarde(I as uneerlaln. 

Tn-rhodium Telroxide, HhjO^, is obtained as a "reyish black, 
amorjdious jiowder oi> healin" t^ie liydraled sesipiioxide to redness.^ 

It is insoluble in aci(ts and alkalies, llydro^aai reduces it to llie 
metal at dull red luat. , 

Rhodium Sesquioxide, I^h./>.' results when rhodium is luxitcd in 
air or oxygen betwei’ii fjno" (*. aud 1 )()() “ (\ The rate of oxidation of 
the metal increases rabidly “wilh llj(' temjx’ratnre. Aliovc 1150'" C. the 
oxide dissociates, metallic rhodium heimr obtained. 'I'lie sesipiioxide is 
greyish black in colour,® 

^ (ifttbior and Hiittlingor, /iff., 1008, 41 , 210 . 

* Mile, (joloubkiuc, JSull. Soc. chim, Hdg., JOia. 388. 

* Gutbier, Zeifsch. lyiorg. (’Inn., lOlii, 95, 2 iV». 

* Wilm, Bef., 1882, 15 , 2225. 

* ClauJ^ Beilnlrffi, etc.. IS51, ]>. 04. 

* Leidie, Ann. Chim. l*hy^.^ 1880, 17 , .257. 

^ I.<cidie, loc. cit. • " . 

* Gutbier, Hiittlingcr, and Mai»M;h, Zdf^ch. anorg.Vh^^m.f 1010, 95 , 225; •co alfo 
Lcldi^!’, loc, cit. 


M CmJ^ NICKEL, AND ELEMENTS OF PLATmOM onow ' 

Hydrated Rhodium Sesqmoxide, is precipitated fr6m 

y>lurK»ns()rrli(Kiiiim suits, lor Vxainple, rliocliuin triehloridc; on additirm 
of nnl loo ureal »fi (|uantity AT potassimn or sodium liy\lroxide. 'On 
allowing lo slapd the red^rK|uid deposits a rose-eoloured preeij)itale 
eoii^islinu of Ihe s(‘S( piioxide and some unaltered rhodium salt. The 
pn'ei|)il at(‘, however* u*"*dually loses its red colour, heeoniinu yello>v, 
and rein.uus such after thorough washing.’ 

Obtained in tlu' above'* manner rliodiiim sesquioxide is a yellow 
j)owder, and on Ix inu heated loses water and oxygen, yielding a black 
]){»wd('r, which (’laus r<‘uarded as the aidiydrous sesquioxide. but for 
which L(‘idie\ ^ analys(‘s suuu<‘st th(‘ empirical formula Rh-^()|. 

In the freshly prcVipitat(‘d condition rhodium sescpiioxide dissolves 
in concentrated potassium hydroxide solution, from which it is ju*eei})i- 
tated auain on dilution with water. If, however, chlorine is passed 
through the coufamtrated alkaline solutitm, a dark ureen ])reei])itate of 
uncertain composition is formed, for which Claus suuu<"^ff‘d the formula 
Uh,():,.Hh().. or Rh.,(),. 

'Fhe sestpiioxide readily dissolves in acids, uivin^ yellow’, non- 
eryslalliiu' salts of herbal taste. 

Rhodium Dioxide, RhO^, results indhe anhydrous state on fusing a 
mixture of rhodium and potassium hydroxide and nitrate' in a crucible 
healed lo redness. The product is washed wilh water, then with 
hydrochleu’ie ae'iei, anel linally elrieel at 100' C. in an inert such as 
carbon elioxiele*. Tt is a brown powder, inseduble' in aeiels, in aqii.a reuie, 
anel e'ven in boiling alkalies. 

Hydrated Rhodium Dioxide, Rh()^.2H20 or Rh(OIl),,, has been 
obtained in a varie ty of ways. 

(1) Ry ])a.ssinu e'hlofine into u solutieai e)f the fre^shly pre‘ei|)itatt'el 
sersejuioxide* in eone'cnl rate*el potassihm hytlroxieh' sohilion.*' 'rh(‘reae'tie>n 
betw'een Ihe <*hlorine anel potash cause's the te'inpe'rature' lo rise and the* 
hyelrate-d sesepuoxiele is pre'cipil ate'el, e)nly te) be' oxidisesl by the' hypo- 
e'hlorite* in sblutijon tei Ihe dioxiele. 

‘JKOII I Cl, *KC1 1 KCIO -I-II 2 O 
KCIO f R'h.O;, Ov('l i ‘JRhO,. 

The pre'e’ipitate is ure'e'ii, whilst the solutie)n assunu's a eb'cp vie)l('t- 
bhie eoleair, probably in eonse'e|ue*nce'' of the* j)rodue'tie)n e)f an^^alkali 
rlu>elale. 

(‘J) Rhodium salts may be oxidise'el dire'ct \);ith alkali hypex'hlorite's in 
alkaline se)lutie)n to the elie)xiele. This has be'cn effe'e*t('d with soelium 
ehlor-rheulite','"’ aneA witii rhodium chloropurpureoe'hloriele.** 

(0) A i^re'e'u ane)elie elepe)sil of die^xiele is formed by ele'e'trolysini» a 
dead>le e)xalale' of rlioeliuni and ‘an alkali metal, or a double chloride 
in the presence of oxalic aciel,'^ , , 

* riuf.'s, zur Cficmir tUr riatinmetaUe^ 1864, p. 07.^ 

* Lt'ietir, .trt«. (lihn. Pht/s., 267. * ^ 

5 lU'r/elius (SrhwtitjtjiPif ISIS, 23, 286) ontainnl by this method a groy-green 
preeleict. Clans {ll itriitic zur (-hemic dcr PlatimuefaiU, 1864, p. (>(>) suggrstrd that that 
colour was caiisi'd l)y 1)10 pivsencp of traces of iridium as impurit> in Ih izclius' iiutal. 
Using very pure rholliuiu, Claus obtaini'd a brown pro«luct the analyses of which agreed 
well with tlie forinul.a KhO.^. 

* Claus, t/. prrtA/. 1800, 80, 282; PtUrdge^ etc., p. 08. 

* l)f'mare,’ay, Cidnpt, rend., 1886. loi, 961. 

® Jorgensen, J. prakt. Chem^, 1883. 27, 44(1. 

’ Joly and LoidetS Compt, rend., 1891, li:, 794. 



: KHOuiUM Awii rra wisiruiMWiws 

• The (lifficidc is insoluble in water, but dissolves in bydroeliloric deid, 

yielding fn r chlorine and rhodium sestjuichloridc. • < 

: The eonipoimds K >(>.r»Uh()., sHhO.., and HaO. riKhO^, ar^ 

( brained on heating' to incipient rcdiu'ss the n r!V'«;p<Mi(hn.L; <l»>nl>le 
nitritesd I’Iksc arc analotrous lo tlu' iNibalfitcs. l■b^<*mitl‘s, and man* 
ijranitcs. and pro\ c tbal rhodium dioxiilc <‘au cxeri an acidic* action. 

Di'^rhodium Pentoxidcj !^h.,(t^. was Ix'licvcd by Claus - iolx* formed 
as a ^^reen prcclpit.dc on ])assin*r obloriru* into a solution <»f the IVcsbl)' 
|)rccipitatcd s<‘S(]uio\idc in concentrated potash. 

Rhodium Trioxide, 11 b().,. separates out as a blm* prccipitati* from 
tjic solution left aftca* [in'pariuLj the dioxide {as iiulicatcd in {}) above*), 
on nent ralisii^ir the alkali with nitric acid. It dis .cTh in hydrochloric 
acid cvolviniT (*hlorim', th * trichloride rcmaininir in solution : 

‘jHhO, I 12IIC1 2]m\ I nliJ) I ;iCC. 

Sodium Rhodate, Na^HhO,. If tin* ijascs (volvcd by llic action of 
hydrochloric* acid Ujioii jiotassinm chlorate an* passed into a solution of 
a rhodium salt r(*ndc‘rc‘d alkaline with sc.)dinn» hycirc»xide, the* licpiid 
assumes a yellowish red, then a rcsl eolonr, and linally a sliLiht erec*n 
jirceijiitatc forms. The* latter dissolves, yic‘ldin‘X a solution of bine 
iMlonr known as ('lau.s's .md eoutainiuLT sodium rhodalc*. 

S(>dium |)c‘roxidc* destroys the* colour, as (!«> also ]»olassium [xi- 
sul[)balc aii(l sulphur dioxide.-* 

HIlODirM AND SUbPIlIIR 

Rhodium Monosulphide, HliS. A product ba\inj.r an empirical 

(‘omposiliou corrc'sjiondiui; to that rc*(juircd I’or rhodium monosulphidc , 
is produced : 

(I) When I'hodinm is hejilcal to dull rcciiwss in sulphur xapoiir, 
Combinatiot\ takes place with incandescciir. . Whcai lln* reaction has 
subside <1 any e\c-ess of sul[)hur is reanove d by lieatin;.!; ii. a ncail nd i^.as 
such as carbon dioxide,* 

(* 2 ) lly raising to white beat a mixture of sulj»hur and amnionimii 
ehlc)r-rh(xlitc‘-''‘ ; and. 

‘Ifit) Rv fusing Cmelx •dividc'cl liiodium with iron pyritevs. 'J'rc-al mc'ut 
with liyclrocliloric! acid leaves black, crystalline seal(*s of rhodium 
sulpMdc-.** 'rhe sulphide may* also be [)rodu(‘ed in the wet \wiy by 
passin^^r hydroireu suljibide into a solution of scuhum i*lilor-r!ic)ditc, 
wasbimr, and dryini,' at# an clfvaled tem)H rat lire* in a mutral /^^as.7 
rA-idic'*,** however, ^nves reasons for belicviiiir that the* ^ arions procluots 
obtained by the above methods arc not simjih* cle mical i*i‘ilKs, Init 
mixtures of rhodium and its scscpiisulpludc 

Rhodium Sesqui sulphide, T»vo vfiric-.tic's of this sulphide arc 

known, differing somcwhal’iu their jirojx rt ics, yc-t apparently possessing 
the same chemical composition ; 

afJ'ar/c///.' This variety r^'sults from* “dry*' jucihods of prcfiara- 
‘ Joly and Tx-idie, rf nd., 27, lu't- 

^ (Mans, Bfilrtvjf', cto., lsr»4, p. (>S. 

'* Alvarez. Chnn , S r.wn, 1905. 9X, 210, 

* Berzc'Uii?, Hchweigq^r' $ J.y 1S22, 34 , 22. 

Vauqutlin, Anyu (Jhim, Phyfi., ISlli, 88, 195. 

“ Debray, C<fWipt. rtnd.y ISH.'i, 97, I.*}.'!'!. 

' Fellenlierg, Poofj^ Annahv. IS40. «;o, 01. 

” Tx*idie, Anu.Chii^ Phijft., 17, 257. 




tion, such ftfj hcfitinfr rhodium trichloride, prepared at 449)® C., iu a 
fMirrrnt of hydrogen sul[)hide^t 300® C. In oarryinjir out the operation 
h is essrnlial thf^t all the air^shoiild be expelled from tjfie appara^is 
Ix fore lieatiui?, aiul that the hydrofren sulphide l)e entirely free from 
water and hydriiiren chloride. 'Fhe temfferature during the course of 
th(! react iou should yiot exceed about 360® ()., since at 400® C. the 
hydrogi ri suljihidc' partially dissociates, the hydrogen produced effecting 
the H'diietion of a |)ortion ^f the chloride to metaWie* rhodium, whieli 
contaminates the final product. For the sann; reason hydrogen sul])hidc 
fre(‘ Iron] intermixed hydrogen is essential, ayd is best obtained by the 
action of hydr(H*hlorie acid on antimony sulphide. The reactioji 
proeecfls only slowly»with rhodium trichloride prepared by the action 
of chlorine on the metal at dull redness f whilst ammonium chlor- 
rhodite giv('s unsatisfactory results, probably owing to the formation 
of alkali polysulphidcs that are volatilisable only with diHiculty.i 

As obtained in this way rliodium sescpiisulphide is a black, unctuous 
powder conserving the same crystalline form as the eliloride from 
which it was prepared. It is not acted upon by acids, even aqua regia 
liaving no effect, llromine and alkali sulphides are likewise without 
aelioTJ on it. ^ 

Wlu ri heated in an inert gas the scsquisulphide is stable up to 
abov(‘ .5U()® C. At higher temperatures it loses sulphur, the resulting 
product varying in composition, but approjiehing that reciuired for the 
inonosul|)hid(‘, RhS, 1'here is good reason to believe, however, that 
the ])roduet is really a mixture and not a definite monosulphide, although 
it is ('xtremcKy diMicult, if not indeed impossible, to remove the whole 
of the sulphur by heat. When healed strongly in air or oxyg(‘n, oxides 
of sulphur and rlKulium^ire produced. 

fj'VarkUj, produced by ‘‘ w'et methods. To this end a rhodium 
salt, such as the trichloride, is decomposed by passing a current of 
hydrogen sul|)hide through its solution, which is then raised to 
and maintained at 100® C, Insullicient hydrogen sulphide should be 
added to preclpUate the whole «f the metal in the first case, since a 
sulphydrate, Uh.,S.,,3lIj,S, is formed, and this gradually deeom])os('s 
at the higher temperature, the execs?; of metal in solution Ixing nre- 
-cipitated by the hydi'ogen sulpiride thereby liberat'd. ^ 

Prepared iu this manner, rhodium sesquisul])hide is a black ])owdcr, 
insoluble in alkali sul])hides, as also iu nitric and hydroehlori(! acids, 
and even a<pia regia at 100® C. Moist air is without action on it, as 
tdso is bromine. * 

Rhodium Hydrogen Sulphide^ Rhodium Sulphydrate, Rhj.S3.3lT2S. 
—When hydrogen sulphide is passed in excess into a solution of a rhodium 
salt, the sulphydrate, is formed as a black precipitate, 

slowly in the cold, rajadly on boiling. In the cold complete precipita- 
tion, parlieularly in the presence of excess of acid, may take several 
months.' Rut given sullieicnt time for, precipitation, whether in the 
cold or on boiling, tlie reaetibn is quantitative and the liquid behomes 
colourless. If only the theoretical quantity of hydrogen sulphide is 
added to precipitate the rhodium in solution, the same sulphydrate 
appears first to form, and to decompose, very ‘^lowly in the eold,^ more 

' Loifli6. Intf. cU, 

V ■ Kvon nftor sovorai iUy3 lioiJie found tho procipit4\U; to have the empirical composi- 
tion approximately rcproflciUod by tho formula Ilh^S,. 211, S or 2 Rh^ 3 . 311,8. 



ra^Hliy on prolonged hoilinir, yielding tlic normal sosqnisiilphulo, thjj 
livdroiren si^lphide set free dnring deeoinposition effeetin^^ tlie preeTpitf^v 
ti< n of the remaining ”liodiunK - ’ 

The same sc ries of rcaoticns a]>p('ars to take place when the rhodium ; 
salt is in excess.* 

Double Sulphides, l^liL>‘^j-JtM 2 S. \V lien a .leulral rhodium salt, 
sueli as an alkah ehlor-rhodite, is mixed with excels of an alkali sulphide, 
a preei[)itato is obtaired which, on analysis, is found to contain a ^ood i 
deal of alkali sulphide. This su<xi{ests that a double sulphide has been 
formed. The pn eipitatt, however, is stable only in the presenec of 
excess of alkali sulphide, water rapidly dee()>uposi^irr if. so that direct ; 
isolation of the pure eomnound is not possible, lly ijuthi et jihysieal ; 
methods, however, for details of which the rc'ader is ndvisc'd to consult 
the original memoir,^ l^eidie has obtained evidcaiee of the ('xistenee of ■ 
Uh 2 S.j..*tNa 2 S, and apparently the correspond in jLj jiolassinm derivative ; 
is capable of existence. 

Rhodium Sulphite, Hho(SO.,);,.(iII/), is (»hiaiaed as a white crystal- 
line mass on dissolvini; freshly precipitated rhodium sescpiioxidcr in 
sulphurous acid. On eoneentnitioii the crystals separate out, and arc, 
washed with alcohol, in whi^'li *lu‘V are insolnbh'. Hhodinm sulphite is , 
fairly stable, lait evolves snlpbnr dioxidi* on beatin<T, leaviiiLj a residue 
of sescjuioxide. \Vitb sulphites of the alkali metals, double salts are 
foniK’d.'** 

Rhodium Sulphate, Hb 4 (SO ,).j, may bo prepared by dissoK inj^ the^ 
sosephoxide in sulpburie acid, and eva])oratin<r the soluti'a^ to a syrupy 
eonsisteiH'c ove r a llame, finally expellinjx lb(‘ (‘xcvss of sulpburie acid 
at a tempe ra! ure not exe(‘edin<r HO'* 0. Obtainc'd in this way, rhodium 
sulphate' is a l)riek-red powder, wliieli is nol byj^u’oseopie. It is not 
very soluble in water, t)y ('xecss of wbieli it is cheomposed. Wlieii 
lit'atc'd to 500^ it be^nns to dceonipose.* 

Basic Rhodium Sulphate. Wlaai the neutral rhodium sulphate is 
boiled with (;xeess of water until the wash waters are u ,( appreciably 
C4)lour(Hl, and cease to be a<‘id towards indicators, a eitron-yellow 
powder is obtained, insoluble in water. This is a basic sulphate, foi 
wlr^i the formula. llli.^CSO^);, is ^uven by r,<‘idie.i 

Sodiufn Rhodium Sulphate, Na^St) Rh.^CSOda, was first ])repare(i 
by Itgiisen hy heatin*; sodiufn rhodium sulphite* with eoneei»! rated 
sulpluM’ie acid. This salt was refjrar(h*d by Seubert and Kobbe * as an 
anhydnais rhodium alui)^. Since then, however, true rhodium ahuus 
have been obtained. 

lihodinin Alums, M2S().|.Rh2(‘'^^^4)3*2tlT20 

Hhodium sulphalw, like* its analogues tiu* snl[)liat(‘s of cobalt and 
iridium, yields staldc salls’with sTilphates of the alkali metals know'ii 
as alums" These arc well-defined crystalline salts, isoniorjd ous with 
the letter known iron and aluminium filums. 'rhey thus form an 
interesting link botwTen these metals and the central ^vertical cohirnn 
in Group \dIT, of ^vhich rhodium is the middle member. These alums 

1 Ann, Ckim, PkysT, 18S9, 17 , 2 T>U 

» Fremy, .4 yjf„ 1855*44, 399; Hun«fn, 18C8, 146, 265 ; Souhett 
and KohU, Ber., 1800, 23, 2556. 

* Buniien, Annahn, 146, 205. 

• SculxJrt and KohW, Ber., 1800, 23, 1I6C0, 
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arc f)l>t{iino(l when a sr)lii!ion of rliodiiim sesquioxide in sulphuric acid 
fs M(l?lrd lo an alkali snlpfuite ♦vnd allowed to cr\'stallisc. Ij^ is essential 
t*liat e\c('ss of aci«i lu‘ present^tand not more tiian about two-thirds|of 
the lluoretieal yuantily oj alkali sulpha^e.^ The temperature must 
not he all(OV( (l lo rise loo hii’h. 

Caesium Rhodium Alum, Cs..S()4.Uh.(S()4)3.2tTl20, is the most 
rtadily pn f)ared of all the rhodium alums on aeeoui^. of its sparing 
soliihilily in e(»l(l wate r. Tlie salt crystallises in small yellow oetaliedra 
which melt at 110 ’ to 11 T’ C. to a yellowish red liquid. When warmed 
in a (lesiecator it loses water, remaining yelt:)W at 100'’ C., becoming 
yellowish red at 150 ’ lo ISO’ (\, and brown up to 250 '’ C., when it i^ 
alnmst entirely anhydrous. 

'this alum is of interest inasmuch as its formation renders it easy 
to s(‘parat(^ rhodium from iridium. 'Flu; sulphates of the metals, 
dissolved in acidulated, walt r, art' trt'ated with ea'sium sulphate and 
evaporated. 'Phe rhodium alum erystidlises out in a pure stat(‘, entirely 
free from iridium.* 

Rubidium Rhodium Alum, Kb^SO^. Hh.JS04)3.2tIL0, yields stable 
yellow eryslals which melt at lOS’ lo 100 ' C. to a bright red liquid.* 
'Ph(‘ eryslals belong to lh<‘ regular sy^tt'in and exhibit a. eonehoiclal 
fracture. 

Potassium Rhodium Alum, KjSO 1.11113(804).,. 24-1120, can only be 
obtained in a cryslidline stale by allowing the solution to stand for a 
prolonged period at a temptTalure not exeeeding o'* C. At higher 
lemjK ratures^, syrupy, uncrystallisable liquid n'sulls.* 

i’ht‘ crystals are light brown in colour, stable in air, but exceedingly 
solubh' in water. 

Ammonium Rhodium Alum, (Nll4)2S04.Hb2(80i);,.21-IT.,0, yields 
orange-yellow crystals, readily st)lftble in wat(‘r, although hss so than 
the potassium salt. It readily yields large crystals. 'Pliese are stable 
in air, melting at 102 ’ to lOO'’ (’. lo a ]>rownish red li(jiiid. Wlu n Iieated 
to redness, a’lnmpnia and snl[)huric acid are ex])elh‘d, leaving a residue 
of rhodium, contaminated with sulphate. The last named is not 
eomplelely n inovt d, even on reheating with ammonium earbonate.* 

Thallium Rhodium Alum, PI 11 113(80,1).,. 211130, is someA'hat 
diHienlt to prepare, partly on aoeotmt of the small solubility (,f lhalloiis 
siilpln.te. 'Pile alum is very soluble'’ in water, and not alto.gether 
]a’rmaneiit in air, beesaning converted into a whitish powder on 
prolongi'd exposure.* . ^ 


‘ IIHODIUM AND NITROGEN 

Rhodium Nitrite not known, but double salts have been prepared. 

Nlwdinitriti's, M3llh(N0.2)4 ■ 

Potassium Rhodinitrite, Potassium' Rhodium Nitrite, K^Rh^NO^)^ 
or ilKN0.3.111i(NO.,);,, An a<*idiried solution of rhodium chloride or the 
double potassium rliodiiim chloride, containing not more than 5 grams 
of rhodium per litre, is raised to boiling, and successive small additions 
of potassium nitrite added until the solution is bleached and a slight 
turbidity is pnvlv^c'cd. On cooling, the anhvdrous potassium rhodium 

' p joini and Marino, Zeit^eh. anonj, Chem.,, 1901, 2^, 62, 
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ni>rito ^ crystallises out, and may be dried at 105® C. The crystals arj 
^vhite, aliiK^t insoluble in cold water. f|.iite insoluble in alcohol. Oy 
w/ rinini' \vit!i coneenl lated Iiydnu hlori# acid it yi« Ids ja^tassiuin hexa- 
eh(or-rln)dite, 'l'b(‘ iiisolnbilily of porassium rhodium 

nitrite may be made us(‘ (»f in the jmparation >r pure rhodium, ns 
well as for its quantitative estimation. >Vh(‘rt laated to ineipi(‘nt 
redness until t*volutio:i of ^^as ceases. th(‘ })roduet, K.^O.tiltht).^, is 
obtained. 2 • 

Sodium Rhodinitrite, Xa.,Uh(N(),,)t 5 , is obtained in an analo^^ous 
manner to ihe ]K'tassi\im salt, the orij^dnal ehlmide s<dution eontaininj; 
gbout to <;rams of rhodium per litre.* After ai^ilinir the nitrite ai: 
equal vohu^ie of alcohol is^added. which efft'cts tiTe j)r(‘ei; iialion of tlu 
salt, which may he reerysiallised from water. 

Sodium rhodinitrite dissolves iu times its wei^ld of water at 
17® C., and in one |>art f)f hoilinir water. It is thus et)usi(Ieral)ly more 
solul)l(‘ than its ])otassium analogue'. Its solution, however, does not 
tjive the reaetiofis for rhodium, which su^firests that it is a rhodinitrite, 
Na;,llh(\()^,)( 5 ‘ aiialo^a)us to potassium eobaltiiiilritc'. 

lIydro;/en sulphide* slowly juvei pi tales from .sedution rliodiuni 
sulphide. Mifieral acids ettmk it. shoviy iu the* e*old, rapidly on 
warmiiuif. \Varm hydroehlorie* a.(‘id e'onverts it inle» sodium e*hlor- 
r]iodit(' (i'idr siipnt). Na-dlhC’l^. ISH^O. W hen heate'd to incipie nt 
redn(*ss until evolution of ^ras e(‘ases. the eomponnel Na.^O. sHh()jj if 
obtaiiH'd. 

Ammonium Rhodinitrite, (XH 4 ).iHh(NO.^)^, is hestobj aiiuMl by aeid- 
in^^ ammonium chloride to a solution e>f tlu* sodium salt.* With w.anr 
hydroehh uie acid it yie lds ammonium edilor-rliodite. (NIl,i);,Hh(’lrt.;jn./) 
Tlic Barium Sait, Thi;dlh^(N().^)i„. has also heen proj)are‘(l ir 

an analo;;ous manner t«' tlu' .sewliuiii anel i^otas.'iium salts. It se'parate^f 
in somewhat bulky while' erystab. which aie* solid)le* in water to tlu 
e\t<*i»t of one part in 50 of water at !(> ' (’. and one part in C-5 ejf wat(*l 
at the b(dlini(-|)()int. The crystals have no aetie>n on j.«darise*el li|;ht 
With hydroehlorie ae-id a mixtio*e or barium and rhodium ehlorieh's if 
o!)taiiieel, and, by ])reeij)itatin 4 the hariimi with sniphnrie aeiel, rhodinn 
e*hlv^de‘ can he obtaiiuit epiite bee from alkali edilorides.* 

Rhodfum Nitrate, UhJNO.,).,.*;!!./), is prepared liy dissolving 
rhodiym ses<p]i(»xide in nitric a1‘id. On concentration it separat. .s as f 
deep yelle)w hv^roseopie salt, readily soluble in water, but not ir 
aleoliol, \Vith nitrates e^f the iJkali me tals elonhle salts are feirme'el. 

Rhodium Uranylnitrate, Uh{N‘O.j).,.r()^(N0.,)„.5n/), has beer 
obtained as e>rani;e le'atlets which lose half of the'ir ee^mV’pet} watei 
when kept in T aruo.^ 

Rhodium Ammonium •ChIorm%rate or Ammonium Rhodichlor* 
nitrate, HliCl 3 .;iXn/‘l.Nfl 4 \ 0 ;,.oi (Ml jXiRhClgfXIljNO^, may be 
obtained by adding* a consielerable excess of ammoniuni ehie*nel<‘ and 
some ^nitric acid to a stron<^ly aeiel seilutiop e>f rhoehnm I riehloride.'* It 
ma^ also be prepared by aeldition of ammeernum nitrate to an .'*cid 
solutiem of ammonium chlor-rhodite. • 

On evai>oratio5 in a wanu plae’c the salt crystallises out in re*dilish 
# • 

* Compt. rend., III, 100 ; Hull. rhim.. 1801. d. 800. 

* Jolv ami Compt. rrnd., 1808, 27 , lO.’l. 

* Liinoien, Ch/m. Zentr., 1012, 1, 208. * 

* Lcidie, Ann. Chim. Phys., 1889, 17 , 257. 



violet senles, reseml)Iin"^ehroniium tricliloride. It was apparently first 
))rejtMre(l hy Claus as the rc'sirft (>f erystallisiniia solution ammonium 
ehlor-rliodite in ii^lrie acid, (dans, however, njoueht it was simply/fhc 
r'hlor-rln»dile in^a second dJTstalline forn^- Wilm ' obtained the same 
salt, l)iit overlooked its nitrate eontent, fetjardinj/ it as a new double 
chloride, nnlii L<‘idi(> drew attention to it.^ 

Arnmonitiiti rhodoehlornitrate may be dried at 10(V-105° C. without 
deeoin posit ion. ft is very soluble in water, being (lecomposed by the 
same. The solution on standing <leposits crystals <»f ammonium ehlor- 
rhodite, and this is a useful method of preparing the Iatt(‘r salt free 
from (‘xeess of aimr^onium chloride. The rhodoehloriutrate is stable i« 
solution or in the pres(‘nee of acpia regia. Jt is hut slighlly soluble in 
nil rie acid, 

'riie formation of this salt, Leidie points out, may Ijc taken advantage 
ot in s(‘parating rhodium from other metals aeeompanying it during 
the treatment of platinum ores. 


UHODIUM, PlfOSPHORUS, AND ARSENIC 

No d( linite jdiosphide. of rhodium i(l known, although by reduetion 
of rhodium basic phosphate with hvilrogen, Claus obtained an indelinite 
mixture, ])ossil)ly eonsistii\g of free metal associated with some phosphide. 

Oil heating to dull risiness a mixture of linely divided rhodium and 
phosphoric? acid, a phosphate is obtained whieli is soluble in water,^ 
whilst u basicr pliosphate results on treating rhodium sescpiioxide with 
phosphoric acid. 

An arsenide of rhodium apjiears to be formed on fusing the two 
elemenis togi'lher.^ but ft has not jK.‘eu delinitely isolatt'd. 

RITODUIM AND CARBON 

No deluiite eiirbide of rhodiuHi is known, althougli wdien heated in 
the ('It'ctrie funuuv' in eontaet with earbon. rhodium dissolves some of 
the last named, the* amount varyiirv aeeording to eireumstances. as 
nineh as 7v*kS per ec i'it. hc‘ing a^hsorbed in live* ini nut c's \vith«*:i eurrent 
of J)l() ampiMTS and M) volts. The presniee of earbon renders the metal 
less malleable. When heatc'd in chlorine the carbon is deposilt^cT from 
the mixture as gra})hit(‘.^ 

Rhodium Cyanide, Rh(CN);,, is obtained b*y dcc'omposing potassium 
rhodieyanidc* witli, acelie aeid, wh<*n it is [ireeipitated as a red powder. 
It is soluble iti potassium cyanide, and on healing to redness decomposes, 
yielding metallio rluHlium. ♦ Acacb. attack it only w'ith diiliciilty.® 

Potassium Rhodicyanide, K.-tRlUCN)o, n'jay be obtained by heating 
ammonium ehlor-rhoditc with a slight excess o{ potassium cyanide to 
the fusibn-i>oint for ten to tifteen minuses,’ extraction of the melt with 
boiling water, and subsequent evaporation. 

< 

‘ Wilni, Her., 1883. l6, 3033. 3030. 

* Wilin, ZciUch. nnorg, CAcw*.,* 1802, 2, 31. 

* Fischer. Annahnt 1830, iS, 257.' 

* Wollaston. Phil, Trans.^ 1820. 119, 1, 

* Mo/Ssan, Compt. rend., 1800, 123, 10. 

* Martius, Gotllngen, 1S60. j>. 35. 

Ikitrdgc zur Chemie Acr PUUinntftaUe, 1854, p. 96. 



'It may' also be conveniently pre])ared bv diluting with water d 
.^afurated sc^ution of recently precipitorfod rhodium sescpiioxid^ in^ 
25 |o 30 [>cr cent. j)otash*untiI ii ptLeipit^le begins to/orni, and pouring 
the whole into excess of a 20 to 25 ])er eeit. soUilion of hydrocyanic 
acid. After standing some time out of contact with itir, the liquid is 
filtered and cvajxmvled in vacuo.^ The erystaU separating out arc 
isomorphous witji those of the eorresjxuuhng ferri-, eobalti- and iridi- 
cyanides. They possess similar optical pn^ierlies and eryslallograpliie 
angles. 

When foiled with eeiieentrateil aeetie a(‘id, rhodium cyanidr is 
jireeipitated, hydrogen cyanide escaping. Since the eorrc'^ponding 
iridieyanide is not affected^ by similar treat nient,*t1iis a^n^ds a useful 
method of sejiaraling rhodium from iridium. 

Like the analogous ferri- and e<d)alli-eyanides it is deeompo.stsl by 
potassium hydroxide, and also by eoneentrateij hydroehlorie acid, in 
the latter case with evolution of hydrocyanic acid. With certain 
metallic salts it yields eharaeteristie precipitates. 'J'hiis. with ferrous 
salts a white precipitate is obtained ; with ferric, a bright yellow. 

Detection and Estimation of Rhodium. — See Chapter X. 

‘ LeiJio, Compt.rauL, lOtH), 130, 87 . 



CHAPTER VI 

PALLADIUM AND US COMPOUNDS 

PALLADIUM 

Synilxil,, Pel. Atomic wcij^hl, 100-7 (() 1(5) 

Occurrence and History. Pallmlium occurs^nalivc alon^^ with platinum 
ill llra/il,' SI. Domingo, and the Urals It is also found alloyed with 
Lfold as th(! mineral the name heinj^ d(‘rived from Porpe/ in 

Brazil. Of this alloy the followin^^ may be taken as a tyiiieal analysis ^ : 


Palladium . 

, 

8-21 per cent. 

(■old . 

. 

. 0100 

Silver . 


trace 

Iron . 

• »» 

Density 

. 

. 15-78 


The above propoitions of ]ialladium and j^aild correspond to the 
formula P<lAi>„. A natural selenide of palladium, Eu^ousitc or siUii- 
\mlln(Uum, has been described as a silver-whili‘, hard, crystalline alloy, 
which can be readily melti'd. 

An important source bf palladium is the niekeliferous ore of Sudbury, 
Ontario, from the matte of which *it is isolated. 

Palhulium was discovered by Wollaston,* and so named from the 
plaiu-t Pallas that had been dis(‘overed by his friend Gibers in ISO‘2. 
Its presence *^111 the sun's photosphere has been demonstrated spectro- 
scopically,^* and it has been fomuf in a meteorite.® 

Preparation. -Metallic palladium is obtained by reduction of its 
salts. To this end ;unmoniurn chlot-palladiU', (Nil ^) 2 pdPl 4 , is;^’ery 
suitable, l^^on ignition in hydi*oi;en, ammonium chloride aiuHiydroifen 
chloride volatilise, leaving the metal Ifehind in a iiorous, sponu^' con- 
ilition. In order to avoid occlusion of hydrogen the metal may be 
cooled in a current of carbon dio.\ide. ♦ ^ 

If the metal is required in a compact form, it may be fused in the 
oxyhytlrog:n llanle, or simply raised to bright red heat and welded 
under ])rcssurc. 

Several methods of sepaVating palladiuip froin the platinum metals 
are given in Chajder X. Of tli«sc an sntcrfsti.ig one consists in 
precipitating the metal as iodide by addition of pot^assium iodide ’ to a 
solution containing a solublq palladium«salt. To obtain the frec^ metal 

‘ See Hussak, Oficm, Zentr., 1005, ii, 107. 

Soamon, Chnn. Ntu's^ 1882, 46 , 210. , 

* Zinkon, Pvtjfj, AnnuUny 1820, 16 , 491 ; Chini. Pfiyf*., 1830, 44 , 206. 

* Wollaston, Phil, Trans,, 1S04, p. 419; 1805, p. 310. 

* Sco Lockver, Compi, rend., 1878, 86 , Sl'L 

* Trottari'lli, G(fzi(\ta, 18tK), 20 , 611. 

’ AOditk'u of froslily prvcipiintod silver iodido instead of potassium iodide is rccom- 
pii>ndDd bv Orloff, Phem. Zeii., 1906, 30 , 714.4 
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PALLADIUM AND ITS UUMTUUWJLro 

the iodklcls ignited in air, the bust traces of iodine being removed by 
healing in ^ current of hydrogen. 15y ♦his method Bunsen^ isc^ated 
pi|ic palladium from rt Adues from the Jtussian Mint at Petrograd, tht 
residues containing a nhxturj of all the ]»hitimim melais. A eonvonient 
method consists in ])rcei})itaiing palladium from S'>lufton as ])alladous 
cyanide by addition of mcrcu'rie cyanide. Pallado*is cyanide is insoluble 
in Nvater and in dilute acids, and is the only cyanide of the ])lalinuni 
metals that can b(f th'-own out in this maivu r. Uj)on ignition tlie salt 
decomposes, leaving a residue of metallic palladium. 

PalladiuiU may be (obtained from jiorpesite or palladium-g<ild by 
iiiision of the latter >vith silver, and digestion afti,r granulation with 
dilute nitric acid. This effects the solutiem oriFu* silvi':* and j^alla- 
dium, metallic gold being left behind as rtsidue. Addition of sodium 
chloride to the hltered solution preeij)itales the silvir as chloride, and 
metallic palladium is obtained from the liquid by addition ot‘ metallic 
zinc. 

Metallic palladium may also be j)rej)ared by pr(‘ei]>ilalion from 
solutions of its salts with reducing agents such as formic acid or even 
strips of metallie zinc. It is thn>wn out in the lim ly divided condition, 
and may be rendered comjv’cL Hlher by fusion or welding, as indicated 
above. 

Pure Palladium may be jaepared from the eomnureial foil" by 
dissolving in a(iiia regia and evaj>()rating to dryness. The diehloridc 
thus obtained is dissolved in water aeidiilaled with hydroehloih* acifl, 
and the liltercil solution treated, with ammonia on the w;'ter-bath ni'hi 
the j)reeipitat(‘ hrst formed has redissolved. Filtration lemoves iron, 
etc., but traces of eo])per may still remain, eoloiiring tlu sohition blue,, 
To effect its removal, |)nr(‘ liydrogen ebloride passe<l inl() tlu; solution, 
whereby the di-ammoniate or palladosaimniiu', lMC'b.‘.iNll;j, is preeipi- 
tated. This is washed, rcdissolved in ammonia, and r(*|>reei[)itated. By 
repeating this sevi'ral times, all tract's of iron, rliodinm. copper, ( te., arc 
removed. 'J'hc pure di*amuioniate is now reduced ! ignition iii 
hydrogen. 

If traces cjf gold are susj)eeted, the metal is flow dissoKcd in atpia 
regi^ re|U‘atedly evap^ifaled wi!h hydroehlorie ac id to expel iiilric 
acid, an^ the chloride dis.soIve(l in lilute hyOroehlorie acid. Pure 
sulphyr dioxide is passed through tlie solution, and the whole allowed 
to stand. If there is no precipitate, gold is ahsenl. \Vheii such is the 
ease the chloride is (/outcried into the di-ammoniate and reduced to 
the pure metal. 

Physical Varieties of Palladium. Palladium n ay he, nrepiired in 
several different physical states, namely, as the onlinaiy eompaot 
metal, as colloidal metal, paliadiinu sp o.ige, and finally as palladium 
black. Of these, thc^ast mimed not pure palladium, but an indefinite 
mixture in a .state of very fine divisimi. Kaeh of these varieties has its 
own ueculiar physical cliaracUristics. ^ 

physical Properties of Compact Palladium. Palladium is a silycr- 
whitc metal, somewhat less ductile than platinum, -Ifut of equal or 
slightly greater h&rdncss. It can be hammered into thin plates and 
drawn out into inc wartf. It softens before reaching its melting-point, 
and can be welded below' JSOU'' C. Its density is variously given, 

♦ Bunsen, Phil. Mag., 1808, 36 , £r>3. 

• Keiser and Breeds A wtr. Chem. J., 1804, 1(4 20. 
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(Icpnidiii" ii()()n its physical condifion, the values ranging *frcm II,* 
fl ld'iil ‘ju ry" to 1 1 •!)/■■' at jn® C. Hardness, 4-5 to 5. ^ 

* I'lilladiiiiu melt* at. 1519-2° and boils at Upproxiniately 2510° 

It call he (listillccl in the ileelrie furnace.^ It is less volatile than 
iridium, hut moK* so than platinum.® Its coefficient of linear (‘xjian- 
sion with rise of ten*p(?raturc is 0 0'*117C* hetween 0*^ and 100° ; 

its speeifie heat Intween the same temperatures is, 0-05028,® aiul 
hetween 0° and 1800° C. the value may be calculated from the 
equation * ; 

Speeifie. Heat - 0 0582 d- 0 00^010/. 


Molten ])alIadiuifi»absorhs carbon, but on solidifying the latter 
element is thrown out in the crystalline fornf as graphite. 

The most intense lines in the spectrum of palladium are as follow^®: 

Are: 802805, 8005- 11, 3114 19, 8302-28, 3873-21, 340t-73, 
8121-42, 3400-03, 3481-31, 3517-08, 3553-24, 3000-71, 3031-85, 
3000-40, 3804-83, 3058-79, 4213-11, 5103-00, 5205-88, 5805-47, 
5543-04, 5070-28, 0781-80. 

Sjiark : 2770-05, 2854-70, 3104-80, 3421-41, 8481-34, 8517-11, 

8558-21, 8000-70, 3034-83, 3804-^0, 421 810. 

Permeability to Hydrogen.-'-IIydrogen readily diffuses through 
palladium at temjieratures ranging from 240° C, u|nvards. Graham 
illustrated this by means of a palladium tube com])osed of metal 1 mm. 
in thiekiK-ss, the tube measuring 115 mm. in length and 12 mm. in 
internal (handler. It was closed by ])lates of ])latinum soUh-red at 
both ends, one of the plat<‘s being perforated by a long narrow tulie of 
platinum, l)V which the cavity of the palladium tube could he exhausted 
of air. The tube remained air-tyd^f when exhausted, both at the 
ordinary temperature, at 2(V)^ C\, and at a temperature vt-rying on low 
redness, the external gas being air. When, however, the external gas 
was hydrogev, although no gas appeared to pass through at 100’ 
hydrogen liegan to apjiear at 210° C., and more rapidly at 2i)5 ' (’., 
namely, at the rate of 327 e.e. per s<juare metre per minute. At just 
short of redness the rate increased to ^28 e.e. 

With coal-gas as* external atmosphere GTaham found Jha^thc 
pcnctrj^liun began at about the same te^u})erature, but tlu' penetrating 
gas a[)|»eartHl to be perfectly pure hydrogen, and contaiiud no t|?iee of 
hydrocarbons. This was conlirined by Ramsay.^-, Clearly it should be 

f 

‘ Keiaor niul.lUvod, ct<, 

>■' l)ev4Ut- aivl IK'bra;, Chim, Vhys.^ 18 1), [iii], 56, 41.3. 

>'» ViolUs'rWi;*/. rend., 1878. 87. U8l ; 1870, 89, 702. 

* l)ay and Sosinan, Awer, J . Ap., 10U\ [v], 29, 93. Tho constant volume nitrogen 
thonnoinctric scale was used. Otlier values obtained a^e 1535. t\, 1540 t’.,aml 1540" C. 
(Holboru and llennini^, ^^itzuny.sber. K. Aktid. 1005, p, 311), 1587" C. 

(ilolborn cyul Wien, Wkd. Anruihn, 1895. [iij, 56, 300), 1500^ C.*(V'iolle, he. cU.), 

^ Moissan, Compt. reml., 1900, 142, 189. 

Crookes, iVoc. Koy, Soc., 1911*42, A, 86, 401. 8 jo KoberU, Phil. Muij., 1013, 25, 

270: 

’ Fizeau, ComplTrend., 1809, 68, 1125. 

•* Uej(naiiU, /!««. Chim. J^hya., 1840, [iiJ, 73», 47. 

® Viollo, he. eiL . * • 

Kxner and Htvsehek, Die Spekiren tkr Elancnte bci normalan Druck (liipzig and 
Wien, 1911), • . 

*' (iniham, I*hU. T’/inv,, 1800, •156, .399. 

llamsay, Phil, 1894, 38, 200. 
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possible Jto test the pereenlaue of liydioixeii ir (‘oal-;^as by this 
if the other <ioiistituents. as appears to b^ the ease, are unable to pas-f 
♦hi'MiLdi. The ajiparatus<, however, will 'not retain il>' aetivity for very 
loiiji ; it is neeessarv to wash the eoal ^viHi a sohiuon of |)erman' 
^anat(‘ in order to free it fron,i sulphur eoinj>ourKls, sine(‘ otherwise I la* 
palladium becomes euated with an impta-meable layer of sulphide, 
(yano^aan ether vapour, and iftarsh a])|)<'ar (piiti* unable to pass 
throti^h palladium. 

Harnsay found that in all east s the j)artial pressure f>f tlu' hydroi.e u 
which has diflused from (.utside into the interior of a palladim)i tube 
i' lower than the j)ressure of tla* surromuliiijLT liydri jan no matter 
what inert y^is is present within ; althoui^di with nitrogen the dis- 
erepanev is at its maximum. 

In order to explain the passa^a* of hydroi^aai Ihroii^dt palladitnn. 
Itamsay suir^Tsted that the caseous molecule' is split or dissocial e«l, 
althou^jh he tlid not nuike* it ehar how such a (‘hauLfe would facilitate 
the diffusion. The following; yt‘ar lloitsema ^ e.iitie tt) preeist'ly lh(‘ 
same eon«lusion for tetn])(‘rat tires above 100 and this was supported 
by Winkelmann,- who found that the ipiantity of hydroecai ^as passing 
throu^di a palladium sejitum d<..*s lad diminish ]>n)porl ionally to the 
pri'ssiire, but lliat on the assumption that the* hydro^a'ii dissoeiab s. 
and that the fpiantity of Lfas diffusiiii; is pn)portional to tin pressure 
of th(‘ disseieiated moleeailes, an t‘X|>re'ssion ean be obtained whi< h j^nve*s 
with r('ast»nabl(‘ aeeura<-y the relation between the pressure in th* 
apparatus and the (piantity of ^as diffusmjt. 

The pressure-time curves, representin.it tlie diffusion of hvdroj^en 
throu^di pjibadimti at temperatures ran^^unj: from 100'^ to .‘lOO ’ ('. unil<‘r 
j)n'ssur(‘s of 700 to 100 mm. consist of two portions, whieh, it is erm- 
eluded,^ eorresj)ond to the existiaiee of two allot ropic moditieal ituis of 
])alladium. CJenerally speakinj' the ral(‘ of rliilusion is proportional to 
the pressure of the j^as. 13elow' 100 mm. diffusion takes ] lae(‘ more 
.slowly, and tlie forciroin^^ ])roportionalif \ ceases to exis^. J'h(‘ rate of 
diffusion iindta’ these conditions is a[>piirenlly not related to any simpler 
fimetion of the pressure. 

Oc^i^sion of Gases. Palladium possesses t<.) r remarkabh* de^U'cer 
the power tjf absorbinejf or ordmlimi certain ^ases. the aelnal extent of 
the ahsyrjition dejiendinj^^ U]>on the physical eoiulilion of tlar metal. 
The terifi acclusion was first used by Graham in ISOO * to si^^nify (he 
absor()tion or shuttinir up ^f gases' in .solid siihstaiiei's. 

Of all leases the most readily ahsorlxal is hydrogen, and aj this full 
referenee is made below. 

Iloth oxyi^en and carbon monoxale are absorbed ]>y palladium 
black, the former presupiably eonvertmj,^ the metal into the monoxide, 
IMO, wliilst the latter yields a efirious .substance which hei/ins to 
decompose at 250'' C. 

Ilelipm is not readily ahsorhl-d hy pallluiium, a fact that enables 
admix^il hydrogen to ])e readily .separated from it.^ 

* ('hart., lS9r>. 17 , 1 . 

- W’iakolmann, /ln«. Phjmk', UMH, |i\), 6 . IU4; 1005, 16 , TT.’I. ? Viritja.-t S«rliiiji«ll, 
ibiJ.f Hiai. ij, 747 ; llicliar<l.soi],*/Vor'. Camh. i*hil. iSoc.^ 13 , *.u. 

5 Holt, Proc. Roy. Soc., 19I.S. A. 

^ Graham, Phil. Tram.., lS(i(5, p. 399. 

^ » Ramsav, Collie, and Travers, Trans. Chem. Roc., IS'Jo, 07 , dt V ; (filden, Proc. Roy. 

5oc., 1896,59, 218. ' 
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Pcclusion of HydrpJjen. Palljicliiiin possesses to a rctiiark^ible 
(■\l(‘iil I lie power of aLs(»rl)Ki" or oeeliulinf( hyilroj^en, ?jiul numerous 
revarehcs liav(^ keiMi earned oul by differentlinvesiinat(rt-s witli a |iew 
to delerminini^^tlie eonditfoii of the ocelyded ^uis, and the inlluenec it 
has njK)n the properties of })alladiuin. 

'I’he absorplion (tf hydro'fen by palladiiim foil is readily shown ^ by 
passin;^ an ehclrie current throu^di acidulated water, •usina a j)latininn 
anode, but a ])lal(‘ of pallfdiuin, just previously iTeated to redness, as 
cathode. Ey nsinjr a narrow, vertical ^dass cell an iina^a' of the appa- 
ratus may la* tlirown (»n to Ji ser(*en. ()xy<^^ai i^as is evolved from the 
anode, bill no ^nis X'volut ion appears at the eatlunh*, until the ])alladiiyn 
has beeonii' satiiratc'd with i^as, after which point hydrogen is evolv('d.- 

'The lirst detailed res(‘ar{*hes on th(‘ subjeet are those of Ciraham,^ 
who experimented with thin palladium foil, lie observed that ])alla- 
dium which has beeii i^mited in vacno iibsorbs lar^a* (piantitii's of 
hydro;^ren at ordinary teniperalurt's, ra])idly yicddin^ a larne portion of 
the ;^eis up a^ain upon beini/ placed in a vacuum, and slowly yieUlin^ it 
when exposed to air, 'ria* cas is rapidly and almost eom})l(‘teiy evolved 
in I’nrint at 100’ Tu exjieriments in which the foil was heatc'd in 
hydroma'll ami allowi'd to cool in the the metal absorbed (Jilt times 
it s own vohum* of hydrogen, whilst in late r (‘xperiments jialladium 
wire s absorbed o\'er tXK) times their volume of hydroc(‘n. The oeeluded 
hydrogen was teniu'd by (Iraham lujilrogenium. 

At its nultinm-point molte'U palladium absorbs less hyelroun n than 
the solid me[al, ami consequently there is no sjiittin^ ” on solidilieation 
in an atmosplH'n* of hydrogen.® 

Si(‘verts has studiial the absorption of hydrom^ai from lltS to (S‘21 ' U. 
and willi varying press\ires of ^as ram'it'L? from 1 mm. to 7(J() mm. lie 
observed that the amount of hydrom'Mi absorbed ])(‘r unit weight of 
])alladium is nearly proportional It' the sepiare root, of the hydrogen 
jiressure. 

'riie experimental results may be exjiressed by the* eepiation : 

I-,. V I -1- 

in whieh li,, is the quantity of hyehoeen alviorbed at pressnny^n, and 
/ip h\, an* constants ihiu-ndinm upon the temperature'. 

'rile* e’xpression is taken to rejiresent that hydrome'n moleejih's are 
in eijuilibriiim with hvdreimen atoms beith in seihition in the |Kdladiimi 
ami in the- mase'eais phase. Henry’s Law , ajifiears to h.old beith for 
inole-eule’s eml for ateans. 

(h-ahv.ii showeel that the density of ])alladium elurinm In droce'iiation 
unelermoes a ehanme, bee/eimin^ eeiusielerably h'ss, the volume eif the 
whole undermehnm appiveiable expansieui. In an experiment with 
pallaelium wire, which was made tei absorb tVXJ time's its volume of 
Iiyelrev^on, the' density fell freim 1*2158 to 1T70, fitiin which the density 
of the hydiomenium was e>;timate'el to be I 708. 

* Nt'wth, (7(t\voV(.j/ Lreiurr (Lonumans, Isail). 

‘‘‘ Th«>iUtV (ZtHsfh. phtf'iikfil. Clmn.. lSS‘,l. 3 , U'.l) lias slii»\\ii that }>:ill;iitiuin may e'voe 
ho suporsaturatod with hvdrouon whrn ohaiyrod oUvlrioally as above^* Tlio oxocsb of gas. 
h«»vi*M>r. is ovtilvod aft or tho ourront coa^os. 

^ (traliam, Phil. Trans.^ ISlilJ, 156 , HIM), 

* Miiiul, Kanfta^ , anet Sliiolds, Proc. Pay. Soc., l'^97, 62 , 200. 

‘ (Iraham, Pn. . Poy. Soo.l" 18(>S-0. xy, *212. 

* SiovorU, /ciM'h. jihysikal. (7Acm., 19H, 88 , 103, 
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. ’ri4 <f. ill vohinu' of pallaiiiuni di’niiji^ hydroi^ciiatioii niay be 
ina(l(' tlu‘ sul)ja*t of a pretty leelure ex|^(‘rinieiit. Two ])la^*s 
palladium foil are vaniislu-d eaeh on ime side, and ininuTsed in a e(^l 
et^itaininir acidulated v.aier. On passTniif^in eU^etric enrrtait tlirout^h, 
tlie eleetrode ser\’in!4 as e.itHode absorbs livdro^a'U on •ine si(b\ I'Xjiands 
and curls u[i, varnislieil siiii* inwards, whilst the^inode remains ptTpen- 
dieiilar. On reversing tlie current, t hi* curled j)la< e orailually st rai^diti'iis 
out, whilst the oiWer plate b(\Luns to curl. 

l^v usiiu^ a narrow, vertical Lilass cidR the imaLje may be thrown 
on to a ser 'I'll, yieldinjr a very efh etive (h inonsi rat ion.' 

^ Othi'r |)hvsieal proj>erti<‘s of palladium are (‘onsi lerably nu'idht'd l)y 
the absf'rption ol’ hydrojxeu. For example, t iu# t leel rn ( ondueti vity 
falls continuously with inhrease of oeeludeil hydro; 4 ;en, Ix'comin^^ lialt 
its original value when the metal is saturattul with tlu' ;.(as. At first, 
up to to \olumes of hydro;ren to oiu* of palladium, tht‘ diminution 
in eonduetivitv is directly proportional to tin* amount of occluded 
hydrb^j^en ; it tluai diminishes asymplt)tieally until 000 vohmuvs ol 
t;as ha\(‘ been absorbed, eorrespondiny. aeeordini; to Wolf, to the 
formation of a dihydride. IMIIo. afti'r ’vhieh the furthca- alisorjition 

of hvdroeeii results in a linear (iiminution in tla* eonduetivity once 
• ,, 

mor(‘.“ 

I'lu* niaLjmdie susceptibility t)f palhulium is also diminished by 
hydrogen absorption.-' and if tlie diminution continues uni'bnnly - 
which has not as yet b< en experimentally demonsi rated t hen palladium 
saturated with hydroocai should actually be diama^netie. 

'Fhe tensile strength of palladium is likewise reduee*r. ' 

.Alloyino elements cx(‘rt a. v(‘rv important inlluenci* upon the 
occlusion of hydr(>i 4 en by palladium. d'hi‘ .J‘sorpli\e power of e()m- 
mereial ])alladium is from 10 to ‘JOj^ier c'-nt. 1 ss than that of the |)ur(^ 
nudal, a fact tliat is attributed to the j)res< fiet* of small (juantitics of 
platinum ami ruthenium.-’ 

Silver and jiold hav<* an iiilertri.tin<r influence. ;\(id i!on ol siK’cr 
to ])alladium at first increases the ^olublliry of hvdl<»LI(‘n dcs|>ite the 
fact that hydrogen is insoluble in }»ure silver. d'h(‘ maximum solubility 
is reached .vith iO j)er cent, of silNcr, after \Nhich it tails. At l.‘ts’ (!. 
an alllt)y^'M)nlainint( tO pe.»' e<*nt. of silv/'r and OO'pi-r cent, of palladium 
absorbs four times as much hy*lroyrrii .is pun- palladium. With TO ])cr 
cent, gf sihaa* tiu' solubility of hydrogen is r«‘duc( d to /(-rc). 

(iold behaves in an analopojis manner, ai first ineieasinc juuf tlien 
decr(.*asinc the jxjwer r)f occludiiiLT hydrogen.'' In both eases the 
solubilit\ of hydrogen is ])roportional to the s(|Marc »()ot o^ lie- [yessure, 
and diminishes with rise of temperat ure. 

IMalinum in all ])ro])ort ions eauA-s a r <hi<-tion in tin* solubility of 
hyilro^en in palladhOn, aud althouu^di the solubility is. as in the pre- 
ceding; alloys, prop^'rtional to the sijuare root of the f^aseous pressure, it 

‘ 'luwth, lor. cit. 

VWolf, ktilxf'h. jthijiildl. ltM4, 87 , ol't'. !’>« 'I.iiuni. i/;!/:. Hi!//,. 46 , 

4Sl ; SiuviTts, ZtH'*r}i. . Clxni.. ItU I, 88, I’il : I'. l isi li'. If .Um. Vlnj.wk, llXXi, 

[iv], 20 , r)0.‘{ ; McKlfr* sl), Vror, Atntr. .tea*/., n,Mi4, 39 , No. 11 ; I 'laliain. /Voc. Jiuy.tSuc.f 
lSliS-0, 212. • 

» Phil. Mofj.j IDH). 32, 181. roinjuirc (.'rahani, lor. nt., |,j>. 212, 500. 

(Jrah.irn, lor. cit. • ^ , 

® Sioverta, Ztilsrh. nnonj. Cfum.^ 101 4, 27» * 

• SieverU, loc. cit. Compare Jkrry, Plum. Noe., 1011, ^)i}, 403. 
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<l(K*s not fliininish willi rise of temperature- -on the ec^iitifary, , it 
inereascs. ^ ^ 

(|iieslion n^.w arises as t|^ the eijiulition fjf tlie liy(lr(ii>(‘ii oeelud^d 
l)y the melal. Is it eliemiv-ally e()mi)ined to yieJd a hydride or is it 
iiien l y absorbed / 

I'roost and Haul efeiiille ^ eonsidcTed that a tiydride of formula 
IM,II was formed, and based their ccuieiusions upon the results of a 
study of the tensions of hy(jro;^mn diseiiira^aal at va/ious temperatures 
I'roin hydroufenated palladium. 

(iraliam,** on the other hand, eonsidi red it “ ])robable that the 
hydroj^aai ( iMia's palladiinn in tin* })hvsieal eondilion of licpiid.” 

'Fhis theory of a iiieehanieal absorplion of hydrogen by pjdladium 
reeeives siipjan’t from ilie researehes of Iloitsema,* who studied the 


I 



Concentration oF absorbed Hydrogen 


Fui. 4. 


variation in tension of hydnmeii wil'h tlu aiciount absoi'oed by^. the 
metal at different temp(‘rat ur(“". If a deliiiite eom})ound iA formed, 
then 1)*; reduein^f tlu* volume of lualroi^eh in eontaet with the palladium 
no inerease in pri‘ssiire shoukl be observed, only an inert'ase tin the 
amount of eonijamud formed. 

On plotting the hydrogen absorbed a'jjainst the hydrogen pressure, 
the eurve.>:..Vnr difhvent temperatures were found to assume the shapes 
indieated in Fii^. 4, and e.onsistc I of three portions, namely, a ])re- 
liminary rise of pressure with hydrofjen content, followed by an almost 
stationary pressure with rise of al)sori)ed hydro«rei), and hnally a further 
rivse in pressure. 

At iirst glance the hori/nnlal portion of each curv'o appears to 
indicate the formation of a compouml. but this is nej/atived by the 
fact that the lon^t’i of the central jiortion not only diminishes with 

* Siuvurts, \oc. cit . ; Sioverts, Jutisult, niaj Mutz, ZriU'^rh. Vhem., lUlf), 92, 321). 

* Troost ami llautufcuillc, Compt. rend., IST-l, 78 , OSG; Chim. 1874, fv], 

27‘J. , . * L j 

“ (iruhuiu, 18t»0,.i56, 3l>9. 

* Itoitscma, Zdt^ h. phyaikaL Chem., 1893, 17, 1. 
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rise of liiijH rat iin‘. Imt it docs not ( lul at the same eoneentrat jj^>n 
liydro'j:(n (A in tl\e liLrnre) as would othv*rwisi‘ he (Wpeettal. It sr(‘mrf> 
hi dily improhahle. tlaa fore, in \ iew if thr'se ri-snlts, that a detinite 
(‘hemieal eoinpomul of hydroirt n and paHauiiim is j>r jdiuad. 

In tinther ^npport ot thi'- may he I'ited the oh- (la at ion of Si(‘\ ert s,‘ 
that the (juantity of hvvlrouaai ahsorhed hy unit xo iiilit of paiiadinm is 
a tnnetioii of the pressure and temperature only, and is iphte iiide- 
pend<*nt of the super;ieial area of the metal. 'Phis would indieati' that 
the ahsorj)lion of hydroLTen is an examph* of true solution rather than 
of delinite elu‘mi<'al e(unhinal ion. 

Oeeluded hydroeen is nu>re reactive elu'mieaUy t!:an tht* normal 
^nis. Hydrogenated pall; hum preeipit;iles mercury ;..id iiKreurous 
chloride Irom an atpuous solution of the diehloiide, without any 
(‘Volution of hydroi^^’ii. It reduei s ferric salts to ferrous : |>olassimu 
ferrieyanid(‘ to lV‘rroeyanide : (‘hlorin(‘ water to hvdroehlorie acid; 
iodiiK' wat(‘r to hydriodie acid chromates to eln’omie salts ; eerie to 
eerous salts: wliilst cupric, stannic, arsenic, man^nmic, \’anadic, and 
molyhdie compounds an' also partially rc'duccci.'^ 

rcrric s;dls and potassium rerricy;mide are comph tt'ly reduced hy 
ehar^^cd palladium foil (»r vire, and tlu' I'cdiiction Fuay he carri( d ut 
(plant it;d ively if rc(piired for analytical purposes. 

'J'h(' reduction of ;i ferric salt l(» the ferrous condition may he deinou- 
stnited \ cry ef(<‘eti\ct\ hy an e\p( rina nt (hscrihed hy will.* A 
picc(‘ of palhidium h.il is charired with h\(lro;,a*n hy lirst healin^^ 
redness and then inakinir it th< cathode in a cell eoniai; n;^ aci* hilat ( d 
water, throuj^h which an eh'ctric current is passin^^ \\ hen saturated 
witli liydro^cn tlie foil is withdrawn and iinna'rsed momentarily in a 
solution of ferric chloride. It is then dijFjxd into a dilute' solution of 
p'otassium ferriev ani(l('. when the ndnetd ferrous chloride' betrays its 
pres('nec hy yieldiuj^ an immedi;ite hhie coloration. 

It is int (restiiiij, in \iew ot tiu' for(*;ioinjir reactions, to note' lliat 
Iloitse'iiia calculates tliat the hydroi-c,i oeeluded hy jx.liadmm, though 
at lirst it appi'arsto he represented h\ IH. yet aho\ (' lOd d'. it appears to 
he inonateFinie ; and more rceently \Vinkelm;mn “ lias liecai led to the 
coni' ’^ion that liydron^ diffu^illL^ throiijjh jiailadium at lii;,di tempera- 
turi's is fiissociated (sec |>. 177). .Vltl.ou^^h in hoth eases hi^dier tem- 
peratures than atmospheric *arc postulated, tlie CMFiiclusions an* 
interes*tinL,o 

Allotropy. An exanynation of the hcatin^r and cooline; eurvi's of 
IKilladium in iv/iv/c and in hydron^en led Anilrew and dolt’ to the 
conclusion tliat palladium is dimori)hous, the stahili.y of tl. * wfj forms 
depending ui)on the temperature. Tiu' rate of chanj^a- of thi' oni‘ form 
into the .second is ver^’ sIo\Ni, and the two lorihs do not ahsorl) liydroeiai 
with eipial rapidity. Tliis fs horia? out hy a .study of the rate ol solut ion 
of hydro^'cn in palladium foil.^ 

■ 

* S^'verts, ZciUch. yhynikal. Chem., lOJ J, 88, lUft, 4.51. 

*^jrahain, rhil. Trans., 156, i'roc. Hoy. Sue., IsCK-D, 17, 212. 

* Chapman, AmibjH, 11104, 29, 840. 

* Newth, Chemical Lecture Experiments (Lon|.nnaii.s, 1800,. 

^ HoitF^ina, loc. cit. • 

8 VVinkc'linann. Ann. rhysil:, 1001, [iv}, 6, 104. 

’ .\iKlrew ami Holt, Proc. /^.y. ?>V., a, 89, 170. Holt, Pilgar, ami 

Firth, Ztitsch. physikaL Chitn., 11H3, 82, .513. • 

* Holt, Proc. Hoy, Sue., 1014, a, 90, 
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'IVu* ;issurnp(i<)n I hat »jiallacliinn ran t hus exist in allotropi?'* forfns 
i^‘reiv(‘s iii!< ri‘st iri'^ sii])}K)rt IR)Ui tlur work of SieverlsA This investi- 
j^rafor jx-inls out l?ial palladiuf i Llaek upon i;.;nition yields palladiehi 
spoilt.^', and Iha^ t h< re is a. sifiinltaiieons- inereasr in the amount ’of 
hv<h’nLf»*Fi ahs<irlMd al l<‘inp( rat iires })(.-lo\v CiH) ('. AlM)ve this tempera- 
lure the ahsoiption ni hydroi^aai Ly all })hysieal varieties of pailadium 
is praelieally the same. 'rh(‘ explanation setins to he that Loth 
platinum Llaek and s| m ae^c (ire mixtur(\s of amorphous find crystalline 
palladium, lh(‘ I'ormtr (d‘ which has a greater power of alisorbin*' 
liydro^vn th;m tlie ervstal!in(‘ variety. On la^iftinj,^ the palladium Llaek, 
Ihert* is an alti rat ion jndueed in the relative proportions of amorj)hou.'» 
and i-ryslalline na tal, and eonseipient ly a Vc<iriation in the amount of 
hydrogen aLsorIx'd is observed. Sieverts su^eests that the aLsorpti{>ii 
of hydro^a'u by the amorjihous metal is a ease of simph* adsorption, 
whilst lh(‘ hydioeen is aetually dissolved in the crystalline variety. 

Chemical Properties. Hoth chlorine and lluorine attack j)alladium 
at hioh t cm peril t u res, yielding the resp(a‘live halo^anides. Chlorine 
watiu* attacks it slowly, and an alcoholic solution of iodine ('I'feets the 
formation of a superlieial layer of palladous iodide^. Iodine vapour 
tauiishes th(‘ metal, yielding' lh(' iodide, whilst. ;j^(‘nlly heat in, iodine 
and lincly divided [lalladium eausi's them to unite more or less 
impirfeet ly. 

Concent rat(*d hydroehlorie acid attacks the (‘ompnet m(‘tal but 
slowly, vvliilst apna rei^ia rapidly effects its solution. Dilute nitric acid 
lias but lit lleeael ion, although, when present in certain alloys, such as 
thosi' with silver or copper, palladium will dissolve' in it. Conei nt rated 
nitric acid readily attacks the m(‘tal. ItoiliuLt concentrated suljihuric* 
acid converts it into jiaiiadous sulohate. Ihilladium is uniijue in tliat 
it displaces mercury from its cyanide. 

When lu'ated to dull nxlness iti oxy^^an, the monoxide. IMO, is 
formed, althonuh at ordinary temperatures palladium is iputi* ])er- 
rnaiUMit in dry <.r moist air, and is not (Vin attacked by o/.one. On 
solidifying^ from tlu' nu»lten condition in an oxidisinj' atmosjilure, 
])alladium spits just lik(‘ silver, \\ hen heated in the oxy hydrogen 
ilame it volatilises m. greenish vajiouri. 

Palladium, like rhodium, biit unhke platinum, dissol vi's’ in fused 
potassium hydrogen sulphate, yitkling palladous sulphate. Uusion 
with sodium piroxide converts it into ]>alladium monoxide, irealed 
with sulphur combination takes place with incandeseenee. 

Alljiouglr i‘los('ly resembling platinum in apjiearanee, ]ialladium is 
readily di.^imguished from the latter metal since an iodiiu‘ solution 
upon eva])oration in the wai^m produces a black stain on palladium but 
not tin platinum. 

Catalytic Activity. Palladium is a powerful ''atalyser in each of its 
various physical v'arieties. The colloidal form is Inost active and its 
catalytic powers are discuss -d on pag‘e 18 1. Next comes palladium 
bliVck (sec 187), whilst lincly divided palladium — as distinct dVom 
palladium black, which is not the pure metal and compact palladium 
arc also reactive. 

('(lialf/tic Avlivitif of Compact iV/Zad/ma. -Hydrogen combines with 
oxygen in the jv’es nee of jialladium foil at 280^ C., yielding water ^ ; on 

* iVu'verlH, Zcihrii. f/hifsihal. Chrtn., 1014, 88, lU3. 

* liamsay, Proc^ Jiou. Soc.^ IS04. 38, 200. 
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I ho oth r fiand, Iiydroj^^tniscMl palladium is without action o?i carbon 
monoxicU' or dioxide at the sanu* temperature. 

Ammonia is oxidis ah to oxidt's of nitro«jren by nut ans of oxyi»(*n in 
tilt* pres( iK'C of ])alladium foil heatt cl to rtdnesN ^ : and. as lias aln ady 
brt u pi»iiilcd out, palladium foil saluratc<l with hydioiftai rlTicts I hr 
rcalnction (»f harie salts, ehhirine watir* iodinr naUr, rtr., t(^ frrrinis 
salts. hydrorhli>rie acid, and hydrioilir arid rrsp( c! i\ rly. 1 1 vdrorarl ions 
arc oxidised to raib<>n dioxith* and watta* when passt'd with air onct 
palladium wilt* hrati*d to rrdiu'ss. In the absiairr of air thr\' ai'(‘ 
dreiunposcih yirKhiiL: a d“posit t)f carbon. Aftt r a time tin' jialladimn 
breoiiKs brittle, and its surface, seen tlnonyh a l«ns, ias(inbles 
eok(‘.“ ‘ 

('afdlf/tir Aciivitif of Fnn'lif Divided ralhidimn.— VnUiuViMux may lx* 
obtaim d in a iinely divided condition particularly suitable for (‘atalytit* 
action by ])ouriii;^^ a solution of ])alladous chloride on to asbestos, 
addin^r a few drops of alcohol and i^mitimr. Ily repi atini^^ the process 
until the asbe'stos iina'cases some li |Ka‘ eeait. in wei^dit in eonsiapu ana' 
of tin* palladium, a a ary etliei(‘nt eaitalysea* is inaxlinaal.'* It will (dha't 
t he oxidat ion of liydroire n in tlie cold, alt houirh, Ix' it la inarkial, hydro^nai 
is I he only combust ible t^as t teit admit s of oxidat ion in this was' without 
bt in^ heated. At brii^ht nal In at and m i xca ss of air jialladised asbest<'>s 
svill elTeet tiu' e(»»nplet(‘ oxidation of all hydrocarbons to carbon dioxidt' 
and water as ellieient ly as eoppea* oxide. 'l'hi‘ tanployiiu nt of palladisial 
asbestos has therefore beeai recoimm iKhal lea* i^as analysis.* 'I'ln* jiaralliie 
are the most dillieull to oxidise : ae*etylene* and carbon i aioxiih conn* 
lU'Xt, whilst the olehtn's are the most easily ejxidised. ()i the* members 
t)f the sam<* homolo^nius s(ries of hydrocarbons the* Iowa r are* tin* more* 
stal)le and olTer irre*at( a* resistane*e to oxidation 
• Tin* lowest te'iipx ratures at whi ii oxidation of xarious snbstain'c's 
was erheU'd by palladisi'd aslx'slos in tin; pr “S(‘ne*e of air an* ^uveai in 


the Ibllowine table ; 

V. 

II}alro^An . . *20 Ihiizene* . . 2r>() 

Alcohol \a|)onr . . Uarlmn inoi, oxide . 200 

Pentane . , . 170 Ae'ctyhan . . . 

Pfopyltaie . .170 'hopane . . .'tao 

Kihyhne . . JifU Methane . . . t'/J* 

Is^ibutane . . 220 Mthane* . . , tat) 


fi 

Palladised e*opper oxide* has also be< n useel for a sin iir. r 'piij'pose. 
and for otln a* e*atalytie* r(*aetions palladiM-d metals ha . e bea r 
exanijih', the oxidation of sexlium hypoplmsjihite solutieju takes place 
aee'orelinj^ to the eepiation , 

xvX,i>0j*+ II/) NiilijrOa -t n, 

through the agency of palladiseel copj)e.*r w platinum, gaseous hydrogen 

^ Kraut. IJcr., 1HS7, 20, lll.'t. 

* Coquillriii. Com j'iT rend., 1S77, 84 , 4 . 7 vS, 1,70,*}. 

* F. C. Phillips, Ayntr. Chr^i. ISJit, l 6 , 1X3. 

* See lii'inpel, lS7a, 12, G3t>, 1(MK>; jirunck, Zrii^rh. unfirfj. Cfitni., l!tor>. 16 

69.7. . • 

•' Phillips, lor. rit. 

® Camphf'll, Amer. Chryn.J.. 180.7, 17^081. 
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tx iiii' ( Voivcd.' A furl I kt oxidiil ion to sodium i)Iif)S])IuiU’%il't> takes 
Hills : , 

N^iii,po, I ILO N;in.,Pf)| I JI.,. 

'rii(‘ paM.idiuin (^-posif is round, liowovcr,* to slowly Jose its catalytic 
acliMly in a solution of the iiy[)opliosplMtc. X(‘ithcr j)alladiuni foil 
nor p;ill;idiiuu wire will exhibit catalytic activity in this reaction. 

'flu* ainounl. of hypophosphit<‘ oxidised p<'r unit tilin' is pro])ortional 
t(» the wciL,dit of catalyst jircscnt. Sodium hydroxide, hydrocliloric 
and sulphuric acids, each ndard the reaction, whdst tlie addition of 
sodium livdro/^a n carbonate either is without action or sii^ditly enhances 
the velocity ot r(‘a.ctiyn.“ 

Salh likewise* possess catalytic^)roj)e‘rtics. For example, 
they acei'h rate the oxidation of oxalic acid by jicrsulphates, and, to a 
less ex lent, by nitric acid. This is attributable to tin* alt(‘rnate forma- 
tion of a palladie salt hy Hie oxidiser and its reduction by the oxalic 
acid. Ammonia is likewise oxidised by persuljdiates in the presence 
of a palladous sall.'^ 

Crystalline Palladium was (»btained by .Toly ^ as tlie re sult of heatin^^ 
palladium riblion, dustt'd over with tinely divided topaz, to redness by 
•i mi\ir?s of an t'lectric eurnmt. The fopaz ajijiarently decom})oses, 
cNolvinc fluorine, which at lacks the palladium, yielding' alluoride, which 
in turn dissoeiate's, leaving a residue of crystalline metal, 'idle crystals 
resemble those' of |)lalinum obtained in a similar manner both in colour 
and lustre, and appear also fei be isomorphons with them. 

Palladium •fiydrosol or Colloidal Palladium is re aelily jire pareel by 
the reeliiet ion of the' chloride with aeroleiir* or with hyelrazine liyeirate, in 
either ease' in tlie pre'se'iiee of an extract of Iceland moss’' or in contact 
with soeliiim lysalbinate' eir protall^natc,” {.jum ae'aeia.^eir with laneilinj^ 
ill a. preeise'ly similar manne*' tei platinum,'” the fnnetieui eif the eirjranie* 
iielelil ieins, which are protective colloids, bein^ to inere'ase the stability 
of 1 he' eolloielyl phase*. 

('ollefidal jiallaelimn may also* be pre[)areel hy llreeli^’s mctheid, 
which eemsists in sparking; betwern palladium elee'treides under iee- 
ceioleel water eeintainim' a little soejium hydroxieic (appi’oximately 
O-Ol grains NaOH jie'V lit re').^' 

Palladium hyelreKsol is a hrenvn or Ijrownish black liepiid in which 
the medallie particle's are ('xee''‘drn<rly small, as evide-nee'd hy tlje fact 
that a small portieui w'ill pass threai^di a ee»lloelie)n. titter that will retain 
elihite ha'ino^leihin solutions. The colour of the liltrate is jiraetically 
the' saiiH' as that of^the ori^unal liepiid jiroportiemaU'ly eliluted, althou^di 
it somelir.res exhiliits a slightly reddeT east. Woll-delincd catalytic 
activity is manifested by dilute solutions containing only 0*0005 per 

> Sii'vcrtie amt IVtrrH, Zfiisrh. jtltysikal, Chem., 1910, 91-^199. 

“ For I'xporiiiu'nts on the* miiietion of organic substances by g^alladiiim set* Boeseken, 
R('C. tmw o'tim., 191 (». 35 , 290. 

* Scngliarini ami Bcrti (Vroni, Ga^zttta, 19ifi, 46 , ii. 51. 

•.«le>ly, .Wtturi'. 1S91, 43 , 541. 

^ ("astnro, tuionj. Cfteni., 1904, 41 , 12G. 

* Outbicr, Huber, ami Kriiutcr, Kolhid ZfiL-tt'h.f 

’ Panl. Her., 1914. 47 , 2202; 1904, 37 , 124. 

* (iiitbior ami Hofmeier, %f . prakt. t'hem., 1905. 

* Ambcrgcr, Ki lloidj Zeiheh., 1919, 13 , 910, , 

Soo p. 270. / 

o prnlig ami Fort or, Jkr., 1904, 37 , 798. 
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ooHt. cW and such sululions liavc a detectable (‘olour iy 

layers (u upwards of one centimetre in t hickiKSs.* , 

Coll'>idal palladiuii’ catalyticall\ assists 1 lu* dec oio^)osition oracpieous 
soJ<itions of hydro;(en peroxide, oxyetai c‘\()l\'cl. 'rhe reaction 

is nionoinolc'cular, and the influc'uct' of as tiiinulc’ a c'liarftity of ]>alla(liuni 
as one* ip’ain atom in ‘JcetXJU.Oon litre's cjf solul i(>incau be del eel ed with 
N (lONaOlI anej N 1()II.,(>2 solution.- d’hc re .a Imui is accc'leratc'd by 
the presence' of caustic soda, the oj)timum coiict'ul ration of which 
is about \ Ih. In acid solution the jn'roxidc' di'comjxvsc's scry 
slowly. • 

^ ('olloidal jxdladiiim assists the' combination of hydro;M>n and oxy^c'u 
to form water. Wlu'ii excess of hydrogen is pres(ni( tlu’ .eliX'ity of the 
reaction is irirab r than when the' ^nisc's an' in the exact proportion 
nece'ssary to form watc'r. On the othe*r liand. excess of oxy^c'ii retards 
the' velocity. In this re'spe'ct colleadaJ palladium dilli rs Irom colloidal 
platinum, the' maximum velocity in this latter e'ase' bein^r re‘ae*hed with 
the volume* ratio : 11:0 2 : i. 

It is re'asonable te“> suppexsc that the* i^n*e*at adsorptive' power of 
palladium for hydrot^e'ii is the' cause of this peenliarity.*^ 

lly trcatini( the pure' hydryso} with hvilroLfen and me'asnrm’M?«iiiji' 
ameeimt of t^as absorbeel it has bee n tebse‘r\e'eO that c've'U wilh the* same* 
sample^ of colloidal palladium a ceuiside'rable* variation ex'e’urs. the 
amount \aryinV from l>2(} to 2t)a2 veThmu's of hydroLTe'n pc'r mill volume' 
of metal. On he'atitiLt the solution only a penlieen of the absorbe'*! 
hydroi|en is eseelved. Why the whole' of the' L^as is not J*' crated is U))! 
clear. 

'riic aeli\ ity of hydro'^n'U is incre'ase el by absorption into palladium 
liydrosol. 'Oiis was lirst obsc'rve'd in (‘oiinee tion with the* re*eluetion 
oii nit roben/ol in alcoholic solution, a*epiai it ity of aniline' ))e*inc ])roehjce‘d 
hy passinc hydrogen through the solution *ade‘r the* addition of somer 
palladium hydrosol. This is the more in I crest in;^^ inasmuch as neither 
palladium black nor pallaelium fod shares this [jrope r\\ , ^and furlhe'i*, 
hce'ansc aniline is a {loison for cat aly seal's, at any rale; in small epiaid itie-s, 
as llrcdiiT lirst showrd, althou^di in lartjcr amounts it e'xcrts an acccl<*ral- 
inir action. " ^ • 

C'oTt^jHtrison of tlu* clTicicncie s of drffcre'nt e-olToidal itielals may he 
established by de'lcrinijiint,^ the'^rclat i\^\ oliimcv oi' hydrogen us> el Ibr 
rcductifcTii by tlie'in in unit time. 'i’lu5**was clfee-tcd by f'ondnctin^ 
hydro^e'U into a llask v'on^ainin;; 

]() c.c. me tallic liydrose*] 

2 grains nil robcn/.ol 
10 c.c. alcolud * 

nnel maintaininej at 70 ^C. • . 

The results inelh'atc that tlicn' is hul little to choose l^ctwe'en 
platinum and palladium, but that iridium exerts a mue'h less powerful 
activj^fin^' iiilluence, whilst that of e»smium is very smalL The adeal 
llfjurcs obtained are 

" m ^ 

* Se'C Zsjgmondy, T/ie Chf^intry of CoH^ith, teanslate'd hy Spuar {Wil<*y, i(iI7). 

2 Breelit? and Fortner, IJfr., 1904. 37 , T'.'H. 

2 Paal and Hartmann, J. prakt. Ofian., laOlt, [iij, 80 , a.'{7. 

Paal and (Jenini, /^er., HM)S, 41 , H05. * 

•' Paal amt Aiidit'rger, //cr., U>0.), 38, 14 (H). 
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l.'sircl 1 c.c. i)f O.c. of hydroacn pA l^ur. 

Piilljuliiini liyiln'hol .... 1'J,000-:J2,()00 

l’l:iliiniiiK ...... (1,700 ;{7*,PP0 

lii.iiiim • 2.000-4,000 

O.iiiiiitfi , . . . small action 

Tlir jK'li\il\ v.irics willi flu' .stuto of the* rolloid, ns is to be 

(•x|)('('l((l. Old hydiosols ;ij»|)(‘;ir to work more elliew'iifiy than samples 
tVcsIily mad<‘, ddic tempera! un', too, (‘xerts a most important intlnencc. 

In a similar manner to the lbre;.;^oin<f, nanjely, by ])assinir hydroj^en 
^las (hrouirJi an aleoholie solution of the snbstanec* to b(‘ redue(‘d, ii^ 
ttu* presence of paMndium hydrosol, many oth(‘r or^uinic efanpoiinds 
hav(* bel li (‘xposed to lh<‘ action of hydroy^?n. Of these* not tlic least 
important are imsatiirated veiredabh* oils sneh as linsecil, olive, eastor 
and cotton seed, whieli are eomph‘t(‘ly reduced, hydro^renati'd or hardened, 
yieldin;^^ white' soliel oil.4 or fats.^ These oils are now liydrojrenate'd on 
a eomuK reial se-ale, but tinely divieleal ni(*ke‘l or its oxide is usually 
e-mployed as catalyst (see* j). Da). 

Ialv(‘ that of platinum, pallaelium hydrexse)! is affee*teel by peiisons, 
liydro^cn suiphiih', nu'reurie chloride, h^'dre)tfe*n eyaniele, imd hyelro^a'ii 
arsinidi' e'xerlint; a marke'el re'tardinuj inthienec. For example, the 
adilition of N 107 iodine' to N 'l.TJOO palladium re*elue(‘s the ve'loeily of 
deeomjiosil ion of hydroi»<'n pe'roxide' by e'olloielal |)alladtuiu b}^ ‘2a jx'r 
(•(‘nl. Ilydroijen suljihide* probalily re'tards the reae*tion by eonverlinj' 
the |)alladium into sulphide'.- 

('olloielal p'dladium e'xe'rl.s a remarkable^ alxseirptive jiower on 
aeolyh'iu', some aOOO time's its vedume e>f the ij^as be'inj^ oeelueled. The 
ri'iU'tion eontinue's for several days, prex'e'e'elini,^ rapieily at lirst, anel 
then ^u’aehially slowing elown. TU' alisorptieui is fae'ilitate'el by slij^Ut 
inere'ase in pre'ssure', anel ‘also by raisine^ the' temperature. Upon 
expeisure to air, einly part of I lie aen'tylene is evc^lveel, and e>nly a small 
amount is akseulieel ayeiin upon further e'X|)e)sure to ae'etylene. It is 
^a'ne’rally assume d t hat polynu'ride ore'onelensation prexlue'ls are forme'd.^ 

(Nelloielal pallaelium eexielise's solutieins eif .seielinm dihyelro^a'n hypo- 
pheispliite* to pheisphite anel phosj»h;^te- in the* same ma«ne*r as the 
e'lee'treilytieally eleposvt eel nie'tal^aiul pidladium Idaek (see p. but 

the ae'tivity eif the eedloidal me'tal is or;-,tne-r. 

(blleiidal pallaelium e'einviits mere'ury anel mereurie oxieje into 
eedleiieial .solution, anel the*re'bv lose's its own eakdytie activity. It is 
sui^^’e'ste'd that possibly a hydrosol of pallaeliubi amali,uim is tornu'd.'' 

raUaeliuiu hyebeisol may be obtaiiu'el in the seiliel C'onditiein by 
eoiu'e'ntriVfion of the* acpieous sedutieai, e^ontainini; a prote*e*tive c?olle>iel 
such as jTum ae'ae'ia, liy exp»»sure vaver .sulphuric aeiel in vacuoJ^ It has 
also bee*n pre pareeli’’ by passaixe of hyelreij^en fhrouerh a sedutieai of 
palladium ehleiride at (U) ’ in I he pre'seiuv of sodiimi preitalbate. After 
dialysis'" the seilutiein is evaporated on, the water-bath, and elrie'd as 
before in vacno over sulphurK* acid. 

» Paul anel Rotll, 7>Vr., 190S, 41 , 2l\S2; 1909, 42, lo4l. 

^ BreMli^ anel Kortnur, Ivc. rit. 

=• Paal anel Hohotu'gi;e'r, Ihr., 1910, 43, 20S| ; 19ir>i 48, 2r»7 ; Paal .^^<1 Schwarz, 
Ber., m\ n\)5. 

* l*.e;\l ami llaHimwni, Ihr,, 191S, 51 , 711. 

^ (luthier anel HeAncit'r, loc*cit. 

« Paul an.l AiuUege'r, Jh r., 190h. 38, BIOS, 
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t 

llie ^JolKl hydrosol readily dissolves in waiter a^Min to yield a^eol-^ 
loidal solution. \Vlien ivarnied to (JO ' (\ in liydrt)<»;en the solicf 

lyl^rosol al)S(A])s th(‘ ^rasihut yiehK it ii ^ ai^aiii raised to UK) ’ or 

MO ' C. in an atinosph('r(| of '‘arhon dit)|ide* at whieli U‘in]H‘ratiire the 
protective eolloiel (sodiimi l\<alhate) is Aill undeei>rij)<Tse<l.^ 

Spongy Palladium is readily ohlaineei hy heatiuL,^ aniinoninin ehlor- 
palladite. (N1I4'.1M( 1.,. in hydrogen. It is thii^ in a j^art ieularly 
suitable eondilion for (xhibiiintj ealalylie activity, (iraliani “ ])n pared 
it by ignition of the cyanide, and Merry by nduetion oi’ the chloride 
with sodium formate in hot aepieous solution. 

• When spongy palladium is (“xpi)sed tj> an at m(^s]>heri‘ of h\(ir(*|,an 
Ljas at temperatureis ranudm^^from aO ('. upwards it oeem h s hydroLje'U, 
the mass becomin^r pyn»phorie. The' amount of oeeluded nas steadily 
decreases from 017 \olumes to oiu* t»f palladium at at) C’. to a mini- 
mum of (>(»1 volumes at -f 20' It then rise's a^^^ain to Tat ve)lume's 
at 105 ' C.^ 

At veiy low teauiKiat ures, suedi as those e)f liepiiel air. pallaelium 
sponj^e: lias an ewtremely larire* eapaeity for hydro^M'u. anel pallaelium 
spont^e at — 100' ('. has there-fop* bee*n re‘e‘e>mm(‘nd(‘el as a eonvenie'iil 
substance for removing the !a^l draea's of hydro^^an from other f^as.: ^ 
d he chemical activity of the* absorlx el hyelroot u is e'onside'rably 
enhanee‘d. For e'Xamph*, the hyclro^analcel sponne* when plae'ed tUr 
tw(‘nty-four hours in the dark at ordinary temperatures In diluli* 
solutions of lerrie* sal! - re‘elue*es them le» tin* ferrous **onditie>n. In a 
similar manner potassium fe-rriew aiiide* is reduee'd to f(*i roe;*, lide*; e'hloriee 
water to hydroelilorie acid: anei ieulim* water to hydriodie* ae*id.- 

(baham also found |)allaelium sponL;c te) exhibit a se U'Ctive! absorp- 
tion for alcohol in pre-fere nee te) water, a powei not manileste'el either by 
pTatinum sponge or by spongy iron* For example', pallaelium spon^m 
was left in contact w'ith a mixture e>f alee'hol ..ml wate r in a se aleei lube* 
for two elays. At the expiratiein of this time* the su})eriiatant liejuiel 
was remove*el anel found to contain less alcohol, wduh the* portie)n 
redaineel by the palladium eontaineel more ale*ohol in preijjortion than 
the oriydnal mixture. 

Pa'4^dium Black is not pure* (Pallaelium, but ai; indelinite mixteire* in 
a very hi Jh stfde ed'line* subehvisie)n, obt.iine.*el by pree’ipital ion from se>lu-^ 
lions eft’ pallaelium salts with reeluei..,: ’events such as .sejelium h .iiiate*. 

Obfaineel by reduction with soelium formate*, MomI fe)und p.'dlaeiium 
black to ee)ntain I-(i5 pe*^* e*e nt. of oxyjrrn, which, howe ve r, e*a?uie)t be* 
re*moveel vacuo eve*n at a elull re*el heat, anel must ttierefore: be* e*slimateel 
by reduction with hyelro^rcn and weiehin^^ the wate ’ ibrnud. * 

Dried at 100' C\ palladium black e*outains 0*72 per cent, of water, 
and hence, assuming, the e!)xy;^en exists jis ))allaelium me)noxiele*, the 
comj)e)sition of the bh ^*k is*as folh^ws " : * 

IM SO-50 per ce nt. 

PdO . . ... 1200 

IIoO 0 72 ^ „ 

^ T’aal wid Ainbrrgor, Btr., 1905. 38 , 1398. 

‘ liraharn, /’/<>/. d8C0, 156, .3119. 

* Ib-rry, Trann. Chnn. Sor., ;9Ii, 99, 40.3. 

* Gutt)it*r, (.b'])hanlt, jind iltte-nKtoin, 75 r., 1913, 46 , H.'>.3. 

** Valontin^’F, JUr. lUul. jihynikal. (fV.s.,^191 1 , 13 ^ 10^13. 

* See f’lotimiin iKack. p. 273. * ^ 

’ Mond, I ara.say, and ShieVis, Vwc. Uoy, Sor.^ 1897. *6^ 290, 
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Wlidi iuiiifrd ii) oxytjfcn pallndium black alWbs tlic gajyup fo a 
V'dlicut. viddiiiLf ;i ])r()wnisli black substance diat docs not yield ep 
j/s i,'as al red lirnj: in vacuo. tJic inlcrcncc hcmi^ that th6 free wetifl is 
Ihcirhy eoiMcrled into the iVonoxide. exposed to liydnl?rcn 

, / too \ oin/nes ot^as are ahsorbid, the bulk })eini' occluded, the remainder 
si-rcimr In nduee tl.e monoxide. Of the occluded hydroo-en. 92 p(*r 
(‘(•III, can he slowly re^^•li/^ed by pum/)in^( at the ordinary temperature, 
a/id />raet /rally nil Uic re/mmidVr upon heating' to •Au' 

'i’he heat evohaal on thF occlusion of hydrot^^en oy i)alladiuin black 
is iiairly the same as that, evolved by platinum black under similar con- 
ditions. 'J’he heat of oeelusion remains constant for the different fraetioift 
ol* hydroireii oeeludtrt, namely, H»K) ealorie^ p(‘r eram of liydro^en, or 
ia7()eah)ri(‘s if th(' exlcaiial work done by the at mos])}ierc is allowed for.^ 

Palladium bhiek wlien heat(‘d in liydrofren readily absorbs the "as - 
which it ev(»lv(‘s on heat in", one voluni(‘ of the metal evolving 07 1* times 
its volu/ne of hydro"en. 

\Vhe/i susj)(‘nd(‘d in water palladium black absorbs even more 
hydro"(‘n, namely, in one case 1201 times its own volume.^ Under 
similar (‘onditions it likewise absorbs acetylene slowly ; when susp/aided 
i n op oer cent, alcohol it has a pronouneid adsorptive act ion,* as also wIumi 
suspend(‘d in an a<jn('(uis solution of sodium protalbinate. Tiie iil>sorbed 
ae(‘tylen<‘ exhibits an enhanced chemical activity. The curves obtained 
by plot I ill" th(‘ rate of absorption of hydro"(‘n by platinum black are 
smooth, indicating that only one allotropic form of {)alladium is })resent.'’ 

Palladium J)laek eatalytically assists the oxidation of sodium 
dihydro^a-n hypoj)ho.sj)hit(‘ solution to sodium phos])hite, thus : 

NalUPO, { 11,0 - NaII.>P0, i II,, 
hydro"efi "as bein" evolved. Thc^, naiet ion proceeds even further, the 
phosjihite beiii" oxidised to.])hosj)hate ’’ : 

NallsPO, I 11,0 NaII,P()j + II,. 

Palladiuifl black slowly absorbs ;30 times its volume of carbon 
monoxide at ordinary temperature, and a[>[)(‘ars to form a chemical 
conpiound with it, althoU"h efforts to isolat ' such havi* prov;ed abortive. 
It can hardly be puryly mechanical a^>s^•r}>tam of the "as, sineirother 
gas(‘s such jis hydro^a-n do not* effect it^' elimination. Upon heatiii" 
to 520- U. the carbon monoxiile ..uddenly liberated.’ • 

Uses. Palladium is seldoin used in the pure state, and its* alloys 
have hitherto received but little application ^even in scientitie work, 
altho\i"h recently a useful held has been discovered for utilisin" certain 
alloys. Su{:Ji hs thosV of palladium and "old. as substitutes for platinum. 
They have been used, on account of their excellent resistance to atnios- 
plua-ic eorrosiiin, for certain*astronomical ahd dental j)urposcs, and for 
coat in" tlu^ surfaees^of relleetors used for se^archKghts, etc. Palladium 
salts are., used in photography. 

Atomic Weight, Atoitik That the atomic 

« Moiut, llaiuskay, ami JShidds, Proc. Poij, a>oc,, 1807, 62 , 290. 

* Paal ami Am lar ger, Jkr., 1906. 38 , 1394. 

* Paal and Gcrum, Ikr,. 190S, 41 , 818. 

< Paal and Holumogiror, Her., 1913, 46 , I2.S : lOlO, 43 , i692. 

Contnuiit tlm behaviour of compact ]nilladiuin ; see p. 180. See Holt, Proc. Roy, 
tSoc., 1914, A, 90 , 220; «.nd Maxted, Travs. Chan. i%c,. 1919, 115 , 1060. 

« Sievi'iti* aiui PotiS's, Z(it.<ch.*phy.^iknl. Chan., 1910. 91 , 199. 

^ Karlu'ck ami Li.igo. Zt iUch. anorg. Chen^, 1898, 16 , 60. ^ 
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weiv'ltt (?• lAllacliuin isliijproxiinalcly 107, and not a ninlliplc or fraclion 
of this amount, is (•Ifjirly indicated )>y :-('vcral considerations. fliitT 
i jr >n;^st tlu*s(* arc : 

;i) The sjKcilic licat .‘f palladium i!*n) (f)9 ; assinni i^r, tluTrfoiv, a 
mean atomic lieat of (i* ie*atomie ol* the i leftil. atTordinu: to 

Dillons and Petit's Law. is approximate! lt)S. 

(*2) A study of the ehi'inieal projKrlies of palladium and its eom> 
pounds reveals a eUise analogy, as explained in Cliapter 1. hetwet n this 
element and niek(‘l and platinum. Furtherinore, a more ('r less rv^^udar 
•gradation in jiroperti’s een he tracsnl as we eoi]jj>an‘ rulhcMUimi Vvi!h 
riiodiinn, and rliodium with }>alladium. Tliesc laets ( that 

pallailium should ht* plated at the end of one of t he*{1*iads ol Lroup ^ III 
in tilt' same virtical line as niekel and platinum. At pnstnt there is 
only one such vaeanev, namt^ly. that next to rhodium, and hi litlini; an 
eh nitait of atomi(‘ weij^dit lyin^ bet ween 102 0 (attanie wei;,(hl ol rhtxlium) 
and lOTvSS (atomic wt'i^lit of silvta*). 

(0) Alkali ehlor-pailadites and ehlor-palladalts are isomor|)]ious 
with the ef)rrespondinLf chlor-])latinites and ehlor-plat inates. A])pliea- 
tion of Mitscherlich's Law of Isomorphism leads to t ht* eoi\ehision that, 
thest* salts have a similar const it nlion, and are tlua'chire reprt'sfog r^ 
l»y the ^^encral formnhe MolMC l.| and .M.^Pdt'lp,, assnminL; those for the* 
|)latinum derixalives to ht' M.^PtC‘1, and M.^PtCl^j respect ixt'ly. 

Analyses of these compounds indieat(‘ that tiu' atomic wi i^ht. of 
piillaoium is l()(e7. 

Kvdct Atomic Tin* tirst determinations ijf the atomic 

weiiiht of pallacllum were made by llerzelius. llis analysis of j)allaclium 
monosulpli'dc ^ is of no pr(‘sent value; and tin* same remark a])plies 
to his analyses of ]>olassiuni ehlor-pailadite, KoPdCl,,, allhouf^h until 
tlw* year IHcSh the accepted value tlu* atoi. ic weit»ht of palladium 
was based u})on the ri'sults. Per/.elius ^ ‘d‘‘com])osed the salt by 
it^nition in a stream of hydro«^an, determinlnij the h>ss in w<a;rht and 
the amounts of palladium and potassium chloride in the *adue. llis 
results lead to values for the atomii* xu>i;rht of palladium varyin^^ from 
10 1 y to 111*1, probal)iy because the doublt! salt was incompleti ly 
dried ; his ratio IM : 2K([h whichds independent of this source t)f error, 
leads textile value Pd - lOd 'lA 

'riie^ first motiern determinarton ^)f the atomic wei^hl of jialh'dinin 
was piU^ilished by KeiscT in KSSt).'* i las ehemi.st conside red that 
palladosammine cliloride, Pf^NIld^FI.;. was the most suitable jialladium 
compound for atomic weight work, and most subsequent expiMinientcrs 
have utilised this compound or the correspf)ndinLf dnormdi . Keiser 
analysed the compound for })alladiuni by heatinjr ii in a .stream of 
pure, dry hydrotren, and thi?; method ha.*' at * ) been em|)loved by Pailey 
and I.amb,'’ Keller aiarSmit^ji,® Kei’^ i and Prectl,^ Kvell,” Woernle,'** and 

• Herzelius, AiOAihn, isjii, 8, 177. 

Berzulius. ibid., 182S, 13 , 454 ; cf. yiiiiiliiH IriliuR, I naiujural J o-st rtution , uol 
IS47. • • 

* 'fciu antouf flrnt d ita umimI in all llx* frilciil.ilioHH in ihiH ‘ii rlicn ar • as U-M, ; 

0 =. mono, 11 ion7r»:i, N n:: i4(X»s, vi - :rri,77, Br 7:M>?n. A- h>7 ssn, 

c — 12 (K>:t. Jm//-. f'/a m. ISSO, II, IlliS. 

t». 11. t^iloy and Lainl), T^nn^. ('turn. Soc., lst> 2 , 61, 715. 

Kollcr and E. F. Sniitli, Armr. Chf:m, lsn* 2 , 14 , 423. 

■ Koiser ami Miss M. Breed, i^jf/..*18lrf, 16 , 2o. ^ 

* Krell, Inaugural Disscrtalion, Erlangen, liXXi. • 

• Wocmlc, Silzungsber^ phy<f. mcd. Soz.^Krlangi.i\,\^Dl, 38 , 278. - 
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KcmmrrcrJ O/i tJic other hjind, KcIJcr and Snjtth, who cdnsjjHor iJiat 
Jniifs ol' fKilhiiliuin are fr)st hy flu's ineMiod, dctfnriined the flilladium 
eoiitcnf of (h(‘ eonifjoiind eleefrolylifally, as also did Ai^ber^r 2 jp ^yvo 
scries of e\p(‘riincnfs, and ^VtArnie. Moreover, Anibcrir made a s(fies 
of defer/ninatiofts in vvliieli f hJreduetion To iletal was accomplished in 
solution with hydra/Mie sul[)li|t(\ while Jfliinn ^ effected his reductions 
with ammonium lormaie. The results of these investigations arc 
summarised in the followiiig table : 


IM(Nn3)/:h : Pd ; : 10()*fp) : 


Diilr. 

hxprrmu'ntiir. 

No. .if 
JvxpH. • 

Vahici of 

X. 

Atomiu Weiglit 
of Palladium. 

ISS!) 

Keiscr (i)* 

n 


10(yf)0 


.. ( 11 ) 

H 

r)();j5!) 


1X02 

Pailiw and Lamb 

10 

50- 171 

105-70 

T K!)2 

Keller and Smith . 

u 

50;5SS 

10l>-()2 

I.SIH 

Keiser and Hrt ed . 

5 

50 ;}5l 

106 Id 

A»N M'* 

< 1 , J 

*'4 

50 :i52 

loom 

T.M)(i 

Krell 

5 

5();{95 

moor) 

10(»7 

Wo(‘rnle 

2 

5oao 1 

100-01 

1 !)()<S 

K('mmeri!r 

9 

50 :i;32 

lOO-OS 

1S!)2 

dVelh r and Smit h . 

9 

50 r)0,s 

107-13 

li)()5 

Amlx'rg (i) 

5 

5O-550 

107-31 


(ii) . 

12 

50;{05 

100-00 

1!)()7 

Wo(Tnle 

V 

5 

50;i!>7 

100-00 ^ 

1 !)()5 

Amberg (iii) , 

5 

5o:j.ss 

100-02 

1!)12 

Shinn . 

9 

50-M».S 

100-70 


Two of the preceding invest igalors d(‘‘ermined the chlorine in the 
compound by weighjug it as silver ehloridi* • lirst, Pailey and Lamb, 
who collected the ammonium ^‘hloride evtilved when pailadosmnmine 
chlornie was heated in hydrofij^v:- ; and, s(‘condly, Amberg, who precipi- 
tated the chloride in his iiltrafes after reniovi?ig the palladium (electro- 
lytieally in series (i) and with hydrazine sulpj.iate in scries (iii) above) : 


2AgCl : Pd(NH.,)2(1., : : lOO OOO : 


Date. 

Fxpurimontcr. 

No. of 
Expts. 

Value of 

X. 

Atoniu^ Woiglit 
of Palladium. 

1S92 

Hailey and Lamb . 

5 

73’S07 

100-01 

1905 

Amberg (i) 

1 

7;3-81S 

100-61 


(iii) . 

(j 

7;3-811 

M 

100-63 


Kemmeror, J. Anier. r/tein. S.tc., I‘»08, 30 , ITOl. 
* Amberg, Anmlcn, 341 , 255. 

^ Shiun, J, Atner, Chem. ^jc., 1912, 34 , U48. 


PA1|LADIUM and its compounds Iftt 

•llua^ liid (luthica** analysiHl pallailosamminc bmiuiilc 

by reiluttioii in Iiy(lr(|ri‘n, witii tin* InllnYvin,!^ : 




Dafo. 

KxiMainu'nter. 

• 

1- \ji!s. 

V isin' i*i 
r. 

Alnmii- W'rii^ht 

of I'att.idiutM. 

lOO.S 

Haas ... 

4 

0.7102 

1 Of if IS 

> loot) 

(iebhardt 

4 

;t.7toi 

pff' 0, 

loot) 

(iutbiir. Haas, and 

1 

0.740.7 

lOfrOO 


(h'bhardt T 





A f('W invcsliiiaiions \\i\\c bcm nuult' witl. dtlitr palladinni i’diU' 
pounds. .loly and Lcidir * ommI p(>tassinin clildr- p;,lla(lil(‘. Iv.lMC’l,. 
I'hi' dried sail was cleet rolysed i>i a sohiiion aiidulatrd with bulnj- 
eliloi’ic acid, I lie deposit of paMadinin wei*jli( d. llu^ polassiuin chloride 
re(‘o\ ert'd Ironi 1 he liipiid by evaporal ion and also weighed, 'riiri (* 
( Mjieriineiif s wer(‘ cnr'ied out \silh a sail eonlainine a lillh* walor ■. 
a second seri(‘s of Idnr exjierinu nts in.ade with a salt that had las ii 
dried iit I'di'un at lt)() C. 'Fhe results wire not very eoneordant. 
Finally, in two (xperiiiKads the salt was reiluei d jjy laaiine il in 
hydro^(‘n, and the pailadiinn and }>otassinin chloride del( rniiiud in tia 
residin' : 


1st series ‘2K(’l : IM : : lOOOOO : T()d7t> 

‘Jnd series. KdM(*l| : Pd : : lOOOttO : :5*J- 1.“)0 

• KdMC li : ‘JKl I : : loo coo : la-.vJs 

•2KC 1 : IM : : 11)0 000 : 7 I 1^.7 • 

:ird series. KJMCl,, : Pd : : loo-ooo : .TJdso 

KJMC'l, : *2K('l : ; 100 OOO : lawOO 
‘JlU'l : Pd : : 1 00-000 ; 7 ' -05.7 


\N hei lee Pd ■■ 

. PKrSi 

Pd 

I0)‘70 

Pd 

toi-rd) 

.. Pd 

/Of‘r:P'i 

„ Pd 

lOrSf 

Pd 

Ui^'r'dd 

Pd 

lorrurt 


Hardin^ eni]»)oyed thn-* coni»)omids. diplienylj>alladodiainnioniinn 
ehlori and bromide, and pailadinm annnoniinr bromide. Isa«*li 
eom})oiind was analysed for j)alladimii by reduction at a red Inal in 
liydrof.;en with the I’ollowin^^ resnb.. • , 

7 exjiN. Pd((\n 5 NOA'!) 2 : Pd:: 100-000 :‘..n)-;i!)() wheiin- /M Hi', UO 

a „ P(l((\,H,.Nll2lir),:P(l:: 100-000 „ l\l JOi-dl 

4 „ (N 11, )JMlb’4: Pd:: 100000:2, ‘Ml 0.7 „ Pd-JOfiHi 

KenniK r<T.* in addition to studying palladosainmiiu* chloride, 
redueeti the eorrespoydin;,^ cyanide tt» the metal in a stream of liydro^M-n : 

* • 

6 < x|)ts. Pdi NH3;a(CX)2 : Pd : : 1000 000 : .7.7-201 whence Pd /OO fO 

There is a wide variation* in tlu* pjecedin^ results, which point 
strdn^dy, liowever, to a value lor the atomic weight ot palladium .d ml 

* Inau'iuml^JfU'^friniiim, JCrlMiigL'ii, l!»a.S; (Ji li}iar<lt , S'tizunij.'^htr . rmd. 

Soz. ErUit.frn, lOUO, 40, 0.5 ; v^luthier, ila.'ts, and ( IrMiurdt, J. in\dl. C'/am., 1000, [iij, 79, 
4.77. 

* .Toly and Ix*idi(*, Compt. rf?i//.,*!St).'C 116, 147, 

3 Hanlin, ./. Arner. C'Acm. 6'oc., IbOO, 21, 947. 

* Kcmmcrcr, loe. cit 
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lijilf wiiy Let wren Pd 100 and Pd 107. hhinii ^ exjSresses The 
npirTon thnl ();iIlii(l(is;inifnin(\ehlonde, whieli hufc been used id most of 
ilir dc'fcnijinntioi^s, luis |)rr)l)ably never been prepnird 'Oerfeetly ftre 
from trneis of palladium •anynoniiim ehlor/tle, in whielt ease n?ost 
workers la’ive analysed iimruly homb^eiyeoiis substanee. Slioiild 
this erilieisni l)e .sub.%tantiate(r it. is proba})le that a similar one would 
hold .‘iL^ainst tin* eorirspondinti brmnidc' and eyanidc? and the organic 
(h rieativrs employ<'d by Hardin. 

Tlu‘ International Committee’s tid)Ie for 11)21 g'vcs 

Pd - 106-7. 

This value is pro])af>ly not far from th(‘ trujh, since with the exeej>tion 
of Kemmen'i's results and the undoubtedly defective series (i) of 
Afuberg’s eleel roly tie determinations, all tlu' modta’U values for the 
atomic; we ight of [)alladiuni fall between the limits lOteO and J0(J*7. 

ALLOYS OF PALLADIUM 

Palladium yields a few alloys, the most important of which an* 
t hose containing gold. ^ 

'■^"VCiih copper the free/ing-jM)iiit curve falls steadily from the free/ing- 
point of pjilladium to that of co|)p(‘r, the ])ortion re])r('senting alloys 
rich in eoppcT being iu‘arly liorizontal. There is no evidence of 
tlie formation of eom])ounds, the two metals yielding e()iu|)lele s(*ri(’s 
of mixed ery^stals. The alloys are harder than the individual 
metals, (‘xhibfting a maximum hardness with ccjual parts of each by 
weight.- 

VVitli gold, palladimn likewise vields no compounds, the freezing- 
j)oint curve falling continuously. ‘land lying concave to the jixis 6f 
eonccaitnition. The hardness of the alloys increases U]) to 70 per cent, 
of [)alla(lium and then dc'creases. Alloys containing more than 10 per 
cent, of palla lium arc white.** 

A couple consisting of gold wiic and a wire containing 00 per cent, 
of gold, the remainder being jvalladium, l|!,is approximately six times 
Ihc thermo-electromotive force of a . ])lalii um-rhodium c(>upl^\ Its 
utility, howevTi*, is (•uVtailed bydlic liability to undergo disintegration 
-which vliaracterises ])alladium allovs.^ * , 

The addition of gold to jitri^adium tirst increas(‘s and then mluccs 
the power of the latter metal to occlude hydrogen, the reduction being 
proportional to the amount of gold in the alloy. The occlusion is 
reduced to ii»l in tluC presence of 75 jK*r cent, of gold.'* 

Alloys of ]>alladium and gold, containiivg from GO to 00 ]H*r cent, of 
the latter metal, arc known .«s rlunauium, and, on account of their high 
melling-i)oint, strength, and iiicorrod'bilit}'', Iiave beeii recommended as 
substitutes for platinum. 

An alloy of palladium and gold has been placed on the market yndcr 
the name of P(dun as a platin'iun substitute.** It is claimed to be eyen 

’ Shinn, toe. cit.* 

“ Kiior, Zvit.sch. onortj. Chem.j 10(K5, 51 , -23. 

’ Guor, ibid. p. m. 

* (h'ilu't, Zeitsch. aiionj. ('turn.. H)I0. 69 , 3S. 

^ Be^rv^ Tnow. Cht i^. 99, 4G3 ; SieveHs, Jurisch, ;ukI Zeit^vh.anonj. 

Chem.. 1U15, 92. 329. 

• Soo p. 279. Ftthreuvald, J. Ind. Kng. Chm., 1917, 9 , 509. 
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superior platiuuin n certain respects.^ It melts at C,, aiu^ 

has a density of 17 *J2. Wlien lieated strongly it loses only very slit^ditl^ 
in A'ci^lit. h{ sujKTeu* in this respect to platimrn '•ontainin^^ 2*1 ])er 
c'r'id. of iridium, althouo. iufcTior to th t cvadainin*^' i*'dy O d per cent, 
of iridium. Its eoinpar." ive freed<un i )m in>n is an ativanlaire, and ^ 
in :ts resi^tanee to hydrochloric, nitri , hydrol!:iorie, and suljduiric 
acids, and to sodium liydroxidc solution, and lu>ed sodium carbonate 
cf>mpares favourahi V vith that of platinum. It is not so ^^ood, howcN cr, 
lor potassium jnrosulphate fusions. 

The frci /ini'-] -oi lit cu'*ve of mixtures of palladium ami siK i i* is 
similar to that ol })alladium and ^'old. and no comj»ouuds aj)p(‘ar tt» be 
formed. The hardness of the alloys lies bet wet. a that oi the com- 
|)on(*nts.‘ 

An ;dloy coutairiiiiL' 5 parts l)y \vci;^hl of ]>alladium and I of silvc'i* 
was found by (iraham ^ to be slill ca}»ablc of ahs(»rl)ini' hydrom?.'. 

I’alladium silver alloys admit of rect ixiui:- a hiiih polisli, and retain 
their briirlit surface. An alloy ct>ntaiuiui' .‘iS j):‘r cinl. of pallailium, 
the reiuaimh r lieiiu' siher, was fonmaly used for ileulal purp(»scs. 

With had th'* Irt ezin^'-j>oiut curve cxhibils two maxima, namely, 
at -151 C. and 1210 C'., cor»’t‘spondiut^ to tin* (‘oinpositions IMPb •>*al 
PdjPb, r(\sp<'et i\ ( ly. d'hn (' breaks occur at 51M)'\ and S.‘»n ' (' 

rc'spectivcly. 'I’he lirst ami last, namely, at Itta and at S.'IO 
indicate the c\istcne<' of the conipoimds IMPb and IM.^Pl), aiul which 
decompose below* linn* melt in^'-poinls. It is not yet '•erlain what 
the composilidu of tin' alloy .-epresented by the bre -r at v . 

may be.* 

Tntcres^mir support to the belief tlial th(‘ compound Pil.^Pb can 
exist is afforded by the results of expe riments to eiett rmine the* differ- 
cr..;c of pofentijil between various alloys and purt‘ lead in a normal 
s(jluli«>n of lead nitrate, d'ln* alh»ys werei prepared by mellin^r the 
})allailium and lead under a mixture of lithium chloriil ‘ and eillu r 
potassium or barium chloride. Alloys containing less ;oan .‘h'5 per 
cent, of l alladium have a ])ol:cntial practically identical with that of 
pure lead, whilst those containing' more than this amount of palladium 
<'xhil)it a hi;^iH‘r jiotenthd wliicl at iirst rapidlv im*rcases with the 
palladiufik Ihtwcen 20 and 00 p' r c*ent. of jiailadium theallo^sare 
harden* ^thaii the individual coifij)o» * ms, a maximum oceui‘rin;L with 
05 |)er <icnt. of palladium. 

Palladium and nick<‘l yield a continuous scries <jI' solid solutions. 
The eijuilibrium diai'ram exhibits a Hat minimum near 120^" C.,that is, 
between 40 and 00 jxr cent, of judhaiimn. The a’ioys io*(' all inon; 
readily susceptible to attack by com’cnt rati d nitric acid than are tin? 
individual metals tlicmsclve.^. Allo\s uji S7 per cent, of palladium 
are magnetic, but th(^ ma;,metie pi>wc‘r rapidly declines from 40 per 
cent, of jjulladium upwards. The alloys can be for;/ed to a certain 
extent, those containing' a hieh* percentage of nickel being somewhat 
more ' asilv worked.® * 

m 

^ Mvt. Chf'w. Eng., HO 7. l6, 1583. 

- Kucr, /.rilfirh. nrKtnJ. Clirw., H)0<5, SI, 31. 1. 

3 Gnihairir yVnV. TmnA., I8(5(t> 156, 3‘19. 

* Uucr, ihid,, HW)7. 52, 345. Si*t* Heyc^K k aiel .Nf‘villr, Trrnh<i, ('hryn. Sor., Jhfl2, 6I, 
888; B.'oior, Ho., 1871, 4, 451 ; MattfiioHon. .Xnifibn, 1S1>C 21. 

^ Pushin {iiicl PaNljsky, J. liusfy. Hftys. (Jhf in. Sor., 19fl8, 40, 82' . 

•* Heinrich, Zciisch. awrg.Chtyn.^ HH3, |3, 322. 
v"OL.4-x:i 
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Palladium Amalgam.is rt adily prepared by trfiurat fiifelt diN kled 
'jKillMdiiiin with iiH'reiiry. Lkiion takes ])laee iith cvolutioiT of heat 
fin<l s()ni(‘liiu(‘s ky explosion. j 

'rii(‘ finely (livided niel;d obtained for ftiis pur})ose by rediievion 
ot pulladoiis ehf<>rid(‘ \vUli strifes of inetalFie 4be, the i)alladiuni di'posit 
brini,^ earefnlly wasifed and (lied. After prolon^r(‘d exposure' to air it 
ap|>« :irs to lose its atlinity for mereiiry, ])ossibly on, aeeonut of slow 
oxidnt ion. 

Piilljidiuin ainal;,^ani is s^)inetinies n.sc'd as a tihine for teeth. 

'i'h(‘ IbllowiiiLj table, ijivin^ referenees* to the more important 
rt'searehes on allov^j)r palladium, may })rove useful to the reader : 


Kli jiH iit 'I ii»^ 

witii i'.-iitailiiiM). 

Uomarka. 

• 

Aiitlioiity. 

Aliiininiiini 

_ 

I)id)r;iv, Cninjtf. rnul., lS.')(i, 43 , 

See p. 2 (Kj. 

AiititJUtuy . 

t’xistrncc indieatrd of Pd;, .SI), 
Pd;,Sh.,, PdSh, aiul PdSh.^. 

Bidinutti . 

Cumpound PiiBia. 

Koi'ssKt, . (tnortj. C/inn,, 

ISPr*, 9 , of); Hcvfock mid 
Neville, Tran-'t. ('hun. Sor., 
1S90, 57 , 370, 050; iSOli, 61 , 
sss. 


No compound. Complete? 

Hcrio.s of mix<‘<t ci vsIuI.h. 

See p. 192. 

(told 

No compound. .Mloys used 
cnmmcrciiillv. 

Sec p. 192. 

l.cad. , 

Ivvistcufc imlicatcd of Pd., PI*, 
Pd..lM., PdPl*, aufc> PdPbj. 

See p. 193. 

Nirlu.d 

No compoipidH. 

Se(' p, 193. Also Clurki', (^illn rt s 
Anttnlr}!, 1S19, 62 , 5*59. 

Sit V or , 

No compounds. 

See j>. 193. Also Mat! liii'ssen, 
/'of/f/. Aiinaltn, 1S09, no, 21 ; 


e 

Werllieim, Ann. Chitn. 

ISII, 12 , oSl ; Maetjici'or ami 
Knoft, '/'runs', //tuf. St>r. ICiiin.. 
iSSe, 29 , .a99 ; Pi-war and 
PltMuinL\ /‘hil. 'S'92. 34 , 

320. 

Sodium 

.rr**' 

Tammarm, ZrHsr/i. ;/fi/sibil. 
(!/u in.. 1 SS9, 3 , I I 1.1 

'till . • 

PdjSiij. 

Deville and Debray, Ann. ('him. 1 
•7V///.s\, lSo9, 56 , il3 : lleyeoek 

, 


and Nc'ville, /*>*'. r/7. 

Zii\c . ' . 

— 

Loville and I)ebra\, luc. rit. 


' COMPOUNDS OF.PALLADIUxM 

I 

Three classes of palladium salts arc know'll, namely, jialladoiw salts 
in which the metal functions as a divalent atom ami ])alladie salts, ii 
which the metal is trivaicnt and tet’^avalent. The palladous salts an 
stable, but upon i«rnition yield metallic palladium. 

Palladio salts'^ are less well known -in the free state, beini^ hiehb 
unstable, althouj»h, oomnined with other salts, they yield stalile com 
pounds. Examples of these arc the’ chlor-palladatcs, of general formula 
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aiul M„IM( The hitler eorresjioiul to the ehlor- pin tingles, « 
Mith wliieh inileiii (he* are isoinorp’.ous Lnt j)(>>m‘ss h\ss .slal>ilily. • 

Palladous salt^ are r^-dily oxidised t» palladte '•<)mp<)Uiids, par* 
lieiilarly when warmed. • Kor exainph*. j solution ol‘ p diadous nitrate 
wanneil with (‘oneent ralevi pe»\sul|>hat e selulion is oxidisc'd to a brown, 
palladie eiunpoiimi, which de<M?n|H)ses h\Liroi;en peroxide and ammonia 
viL;oidiisly, ^aseiais |)roduels lH‘in<» evobcd. \\ ith hydroehlorie aeid 
it yields free elilorine. 

^Vhen a solution of potassium ehlor ])alladite or broni-palladite is 
warmed wit h a piMMilphale in the presnnee of the eorr< spondim^^ l!:'lo:;eii 
iifid thi‘ haloL'<‘n palladati- is preeipilateil on eoiftinin 't'liis ri'aelion is 
interestiiu: ;is alTordin^f a, r*. Ihod of separatinL" palhuimm ir.)m eertain 
other metals.^ 

Palladous salts jxissess eatalytie |U‘op(rtiis. h’oi' example, tiny 
accelerate the oxdation of oxalic aeid by perM;lphates and. to a hss 
extent, by nitric aeid. 'I'liis is ixplaineil «»ii the assumption that the 
palladous salt is alternately oxidised to a palladie diri\ali\t’ by the 
oxidisinir airent and n duef il by the oxalic aeid. 

A.mmonia is likewise oxidised by jursulpludes in the jiresenct* of a 
jialladoiis salt . 

Palhuimm n'sembles both nickel and e(d>alt in yiihliuLj double 
nitrites aiul eyanidi's. 

Palladium salts are reduced to met.allie palladium liy h\dra/.ine, 
whether in aeid or alkaiinc solution, and tlu* ])roduei is enthely solubh' 
ill aijua re^ua.^ 


PALLADIUM AND FLUOHTNK 

Palladous Fluoride, l*dl\:^ i'' olitai..^ d a ; a da. k-eoioured. erystalline 
salt by heatiiiLj palladium to ilull redness :.i lluorine.'* hen tlu; 
temperature is raised to bri^dit ndnes?, llie salt deeonijX'ses, lea\in;.j 
metallic pallailium. 


PALLAD^^M \.sD UIILOIUNK 

Pallad&us Chloride, Palladium D'cnioride, PdC'L, is oblaiiur) in 
the anhydrous condition as a sublim..*'* on heatiii'_j sp(»M^\ palhutnuM 
to dull fediKss in dry chlorine.* 'riu‘ monosulphide, Pd.S, when healtd 
in chlorine i.s converted into the anhydrous chloride, and the sanu salt 
is produced by dehydrating; the dih\drale, Pd('l^. 1:11,0, a a sli^rhtly 
elevateil temperature. 

Palladium ehlfiride can be distilled at a lo v red luat in a eurrenl of 
elilorine. It then yieh^s a sublimate oi dark red, m edle>sha|)ed crystals ^ 
which delicjiiescc in thf* air. * • 

^Vhen heated in ut to ItJO C. chlorine is evoh ed, and even at !0<) (‘. 
after j^rolon^cd heatinu, traces' of ehloryu- are dri\ en off. W'lu fi 
heated in an inert /;as such as carbon dioxide-, cliloiiiu; i.> ( \'olved a!: 
250'' C. It is rcduci^d by hydrogen in the cold.*'^ 

‘ Scajiliaruii aiul Bf'rti CVmni, fiazztthi^ 46, ii, T)!. 

* Pual anu AinlM'rgcr, />V/-., 1905, 38 , I.TsS. ('uinjmrc .tarinabch and lloMi*.-lvy, /A/-., 
1904, 37 , 2441 ; Janna»ch and Hettges* Ihf., lOOl, 37 , 2210. 

^ Moiasan, Ann. Vhini. Pkfjf., 1891, (vi), 24 , 249. • 

* Keiscr and Breed, Amer. Chem. J., 1894, 16 , 20 . 

‘ F. C. Phillij>E, AtntrJ' Vuni. J., 1894, f6, • 
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• VVlicn palliidium (li(;hl()ri<lc is dissolved in wjiter, anf! Iinnidnia 
kidded in snflicicnl cxctss to Hissoh'e the il{‘sli-e( loured preeipTtnle the 

he oht:iine(l i'.% ii })reeipil ;t4 e hy dilul 1 ii <4 
with ;i Ijir;^ff \<ilinne of waterjnu! aeidii^diifc with hydrf>ehlorie ;ff'id. 
It may he dri(“d at 110'" to (\, and^ha.'f h(‘en used for the (hter- 
miiiatioii of the atoiiTie w'eiirhf of palladium (see p. IS!)). Dtiisity L' a. 

'riie (lih{fdraf(\ JMl 'L. ‘Jl I.J), is obtained l>y erystaUisation fmni tlie 
solution ohiained l>y ilissolvinj^ palladium in Iiydroeldorie acid eontain- 
iny^ rre(‘ ehlorim*, m' in a«|ua*re^(ia,. In the latter ( ise tin* solution is tii’st 
e\aporated with h ydroehlori<* acid in order*to expel ail the nitroLK'ri 
products. ^ 

'The salt erystallisc's as a hrown, hy;.(r(r<iK)|)ie mass, whieh uiuh recK s 
(h-eomposit ion in (‘xecvss of water, yielding a pn'eipitate which j)ossihly 
<'outaius an oxychloride, (’arl)on monoxid(‘ * pa^^sed into a solution ot 
palladium <liehloride (fleets its deeolorisat ion, ])r(‘ei])il at in^ the metal 
as a hlaek powder. 'Idle diliilt* s()lulion is also completely reduced hy 
hydio^cii in twenty-l'our luuirs at ordinary temperature .- 

Dichlor-palladous Acid, I I.j|l*d('l..(( )I I )^. On adding; a silNcrsalt toa 
solution of palladous ehloriih* a preeipitate* is olilained, not of siUcr 
tuiidiKvnde, hut of a eomph x compound •)!’ composition IMC'I,. ‘J.\nOI I or 
I IM('L(Ol I),JAi.fo. It seems possible*, t herel’ore. that palladous e’hloride 
can, in aipie-ous seilution, act like an acid, yi('lelin^f the ions : 

OIP 

1M( I..:' 1 

“ Oir 

In addition to the silvea* salt, the lead and tliallium (l(‘ri\'ati\ es, 
lIM(’l,(OII),!IM),Ph(()H).: and | PdC'l,(()in ^I'i'l., ivspeet ively. ha\<‘ also 
been olilaiiied. *• 

All thia'e salts are hydiolysed liy lud water, the silver salt heiny the 
U'ast seiisiti\'e‘.'* 

Tt'frachlor-j'fiUdtlilrs, M.dMCl , 

Palhidium diehloride e'omhines with, e'hloidhs of e*ertain other 
metals to yield chlor-paJlailitrs, of ee..eral V"inula M^lMt Tfj. 'riiesi' are* 
aualoeous to tin' ehlor*platini!(‘s, MdNCl,, tin* potassium s«Vs nl* the* 
iwii series he'in^^ isoniorphous. ^ 

Potassium Chlor'«palladice, K^IMC'I,. the most important salt o( this 
se'rie's, is readily obtained by eone*ent rat iiiij a solution of j)alla(lous 
ehlorieh' with exe’e'ss of ]>otassmm ehhuide.* ' 

Insoluble in absolute alcohol, the e’rystals readily elissolve in wate‘r, 
yieldavii a ivddish brown solution. Heated to 10(P C. they still retain 
some* water, and lie^^in to decompose* at 105 (’., a fact which renders it 
dill'ie’ult to obtaiif the crystals in a pi'rb*el1y dry condition. At red 
lu'at, polassium chloride and nietallie palladium are lornu'd. 

Wlu‘n be>ih’d with a ])ersiilphate huthe presence* of hydrochloric acid 
potassium chlor palladate, K2lMCd6, is Ibriued. The* boilini; olution 
is reduced by alcoheil and by sulphur dioxide. With ammonia, an 
luuiuoniate is })re)dueed. 

* (lore', Cht m. ISS,*!. 48, .Sce* Doiuui, Monat.'i/i.^ IDUO, 27, 7 i ; Potaiu and 

Droiiin. IS9S. 126, 'J.’IS, 

elori', loc. lut . : Phillip.'i, ('Intn. J., ISIM. 16, -y.l. 

and (.V^^aris, I'.MKS, 8^, ii, (K>2. 

< Wollaston, A/tn. Chiuc. rSl’O, 41 , 413; Neirdciiskieild and 

/j itsch. Kryst., 1877, I, 73; Joaunis, ComiJt. renJ., 188-, 95 , 29o. 
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Amir, onlum Chlor-balladite, (XU ,, is obtained in an anabMron.s^ 

inariia r o tiu' potassilmi sa!l,‘ and inb resl in*? since it yields, npni^ 
lu'i liiii^" in h' dn’ML^f* n, a ri'.sidue ••( spoiiLry pallen'inni in (‘ondilmn 
pai'ieiilarly snil;d)lc ro- lyiic aeli\i'.v. ' 

d'lic sail \ i('lds »»!i\ ( / tai p 'isms. siA-ublc in N.aler lail in^nluMr in 
.•ibs< lint e ale» »h< >1. 

CaBsiiim Chloi'-palladile, (''jPdi lj. is pn-i ipitalial on nii\it»L'. <'on- 
ecntratcd solutions oT casinni clil«»ri<le and jKilladous chlorid<‘ as a tiidd 
Ijrown di po^il, which ujua) recryslalhsali >n iVoin hoi water \ irlds 
lUM'dles ol I he sana col(nj'*d “ 

• Rubidium Chlor^palladite, KI).IM(1,, pn panal i;. a»i analogous 
manner to the ja’ecfdinLr s.-df.-’ crvsiallisc's iVoin liot watei \\\ liL-hf hiowii 
silk-likt- needles. 

'riic fhhir-pf/llfiiliii.s' of the followin;^ metals liave aKo be( n prepared : 
sndiinn.'^ Na.lMtl,: ea/e/a///,’ CalMl I , : /a//‘/a///.Mhi IMCI j ; t^hhinin/i:' 

; ///ac//e.v/a/// J :///(•.* ZnlMllj.* ciuhniuui^^ 

CdPdCl, ; AllMl'l;,. mllj ) ; nichrl^ NilMCl, ; iinui'JittiK sr^ 

MnlMt'lj. 

Palladium Trichloride, IM( *.], is oblaiiual iii ijnsla))l(' soli»li • !>‘y 
dissoKina" the brown hydrated s'- inioxide in hydrochloric acid.'* 

Palhnlinin trichloride is aKo lorimal durinix the action •»!' chloni.c 
upon the dichloride. It is not ibianed <lm'int( the is duel ion of llu? 
hexachlor-palladates. At dMC'l,^,. 

Pi'nUnhhrr-ptilhuhlfi's, AKlMl'Ir, 

IN’Ikii the s(‘s(piioxi(h'. IMj ).{..rl!,d), is sn .|K'nd<‘d in ether in the 
presence (»r rnhidiuni chloride at the tempei tnre of ( thci* and solid 
cai'hon dioxide, small irreyish ixiacn cr\ si aK ol‘ I he donhh salt. Rubidium 
Pentachlor-palladate, -dt hCI . Pd( I , or 1th IM( Ir,, ar(‘ r)|)la'n* (l. ( a siimi 
yields an analoii'oiis salt. ( s.^lMi 1-. in the Idim ol <lark eryslais. 

Doth salts decompose in ctinlac. with w.afer. I'k- ei »|’|•espondin^^ 
tet rachlor-palladii es, ItlelMC! ^ and Cs.JMCij rcsp( cl i vel\ , hciiie oh- 
tained.*’ 

l*otc>simn chhaidt , i.i i .aiilai* circmnslama , does not \'ield a 
pent aehrrr-pallad.it c, lait. onlyjla* t<'l raehl(»r palladit e, K.,1M( !,, and 
th(' doifhle sail, ]M< l.». iKCl. 

/l(\r<: hlor-iKiUafhitcs, 

AUhonuli palladium tetrachloride. IMCI,. ana,’ );,r(>ij,s f, plafinic 
chloride, PlClj. is not known in the tree s|aic. salts known as rhlar- 
pnllddatcs, ALIMCI,., corn'^umdine o>. aod isf)nmrjih»»ijs with, the 
chlor-platinatcs. M.^PtVIg. 1 mi\ c n prepan d. d la y arc mneh less 
stal)le than the plat. .mm derivatives, lint the tact that, they mu < \ist 
at all, when nickel yields no such e«»nip<)iinds. allords ;m inh i - ^ I in«r 
link K'*t\V(‘en palladium and platinum, aial t’urthej' |iisli<ie> the »•- 

^ Go(JetTrl*y, Jnhrt iSTCi, p. l?i’a ; I.S7S, j}. 

’ Giittiif'r fiiai B<r., 38, 

^ \VV>lla^t(in, Aftfi. f'hiin. Phtfs,^ J.sja, 

* Ammhh* iSliO. 19, .'{.'{fJ, 347. 

^ W(‘lk(nv*, /irr., 1.S74, 7, .‘ts. saif. • 

• Wohler ,'iruJ Mnrtin, ZfiUrJi. ariorg. Chfm., PJOS, 57, 

• • “ 
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mediate posifion of palladium between niekeifand ])laliifuiji in ‘the 
vcrfical eolinnn in^iroiy) V'lII of the Peri(llie Table. 

Potassium Chlor-^palladate, Tlilslis the nv;st importfint 

s.dl of |lu‘ scrirs, and is ^eoilicMuently obti^ncd l)y passin^r ehlo#ine 
Ihrnui^di afi ;a|rteoris, satiirat<A sohition*of j^otassi[nn elilor-pailadite. 
The same salt is pr(^hie(‘d oi^dissolviuj^r palladium in aqua re^da or in 
water saturated with hydrogen chloride and chlorin|% and adding a 
saturafiMl sc/hdion of potassium chloride.^ 'J’he licjfTid is evaporated to 
drytass, the residue washerbwith potassium chloride solution and linally 
with ice- water. Sen;f|iarini and Itert i-('eroni - prejjared it by warmin" 
the ehlor-palladib' with potassium juTsulphate in the presence ^f 
hydi'oelili jrie acid, ^^riui salt precipitates o^ on coolin^^ 

'riu- crystals obtained in this way are rtal in colour, and isoniorphous 
with the eorr('sj)ondin^ chlor-platinatc. Density ti okS. On heatin^^ 
th(‘y tuiFi black, but regain tladr n‘d colour on eoolini^ They arc 
readily I’cslueed on warmini^ in a current of hydrogen i{as, whilst iLjnilion 
converts lluin (irst into ilie chlor-])alladit(‘ and linally into potassium 
chloride? a.nd metallic palladium. 

I*olassium ehlor^palladate dissolves in water, but is only sli^ditly 
solnjjie in iee vvater, and is insohdde both in saturattsl potassium 
r*hlori(h‘ solution and in alcohol. The aepieous solution imderjroes 
[)artial dissocaation, and on boiliniij with excess of water, potassium 
(?hlor-[>alladite is formed. Aqueous hydrochloric acid dissolves th(‘ salt 
without (h'eoinposition, \vhilst anunonia converts it iiito an ammoniate'. 

Cceslum Cl|^lor«<paUadate, C’s.dMCd^,, may be obtained ‘‘ in .an analo^a)US 
manner to flie potassium salt, nauH'ly, by ehlorinatimf an aqueous 
solution of ea'sium chlor-palladite. A brownish yellow ia*ystallin(' pre- 
<*ipitatc results, which is very stabh^and almost insoluble in cold Ns.ilc'r. 
On boilin^jj with water chlorine is o/olveai ; it attacks ammonia, evoh k)!^ 
nitroi^en : concentrated sulphuric acid when warmed with the salt 
causes an evolution of chlorine and hydro^nm chloride. 

Rubidiukii Chlor*'palladate, Hb.i^'dC’l^j. ddiis salt is obtained "^ as a 
yellowish red precipitate in i\ shnilar manner to th(‘ preceding' salt. 
Insolubh? in cold water, it is deconqFoseij l)y boilimr water, rmd in its 
otht*r properties closely resembles tla^ ca‘s^>{’p. analo^me. 

The chlor-pdlhuhi^rs of the /following metals ha\ (‘ been dic^eribed : 

(Nil ,).dM(.1fl ; f>hicinuin\* CillMC'l(j..SlI.d) ; HKipfH'.stunK* 
Mirl>d('l,;.(;H,(); zihr* ZnlkUlo.filLO ; nichrL^ NilM(d«.«lDO;; man- 
we.sv’, * M n 1M(’I ,j . 0 1 1 .d). 


‘ ' PALLADIUM AND DROMINE 

Palladous Bromide, iMlb-o, is produced in small quantity by tlic 
action of bromine water upon palladium. *It is more easily obtained in 
bulk by the action of a mixture of hydrobronue find nitric ai’iils noon 
the metal. The nitrous acid is reuibved l>y boilimj with exi*ess (»f 
Irydrobromic’ acid, llpon evaporation the sjdt is obtained ns a ruldish 

’ See Croft, Chem. 1867, x 6 , .'iS ; Topsi’jo, Jahri.^hcr., 1870. p. 30.'1. 

2 Sonpliariiii and Berti-Coroni. (tazzrita, ll)il),' 46 , ii, 61. 

* (Intbior and Krcll, Bcr.^ I0i>6. 38, 2,185. 

* Topaoe, J\./ir<%v 6 cr., 1870, p. 396. 

» Wolkow. Bfr., 1874? 7 . 38. 803. 

* BonsdorflF, Pogg. An^en, 1830, 19, 330, 347. 
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l)r(>\vn insoln.lilc, in wairr. hut soiiihlo iti aqurous 

acid * aral in alcohol. j Annnoiiia coitvcrls it inf<» the dianimoinal c^ 
(/)/,■ ilihro}, i(li\ lMl>r . . ‘j\ 1 1 

I^\oni i udiitiliit s, ’ iU 1 Ml h* , 

With droinidis of the alkali metals p.-i'l.adoiis l).omid(‘ yi('lds luillndn- 
hni/nl(lt.\ or Jiroffi pdlLnlitt's, of i,n‘*u‘ral lornmla .NLlMDr,, analoL;<>us to 
the chlor-palladit es a! read}’ eoiisiden-d. 

Potassium Brom-palladite, K JMHr,, is ol>l aim'd ‘ h}* dissnh in^^ 
(‘(juivah nl weii/lils ol' Ih - broiniih's of potassi’.im and palla lintn in 
^ater eoiitainiiiir hydrohroniie acid. Upon exaporalion lie* anh\(hi>ns 
salt en sf allises in n-ddisi: l^-own needU\s. whieh ai«‘ \ ev} stable. 

|)iLi('stion of tia* aqmons sohition of this salt witli bToinine at a 
tenipcMat nre not execedinn 70 U. yields the dihtidrdtr. K-dMIlr., .'JlUO, 
\vhieh separafi s out in han*-, dark brown, shinin',^ m (‘dh s. 'riM‘s(‘ npcni 
ex]>osnrc to ail' rapidly l(>sr their bistre and ae<jnire ihr reddish brown 
colour of tlu' anh}di'ons salt. Owirii,*’ t(» th - rapidity with which 
tiny los<* their combined w'at<‘r, eomphte analysis of th(‘ crystals is 
ditlasilt . 

Ammonium Brom-palladitr, (Nil ,).^.lMlb-,. may be prepared in a 
similar manner to tin* preecdin;^^ salt. Its er\stals arc' olixa* brown in 
colour, anhydrous, and n c r\' stabh‘ in air. l'he\’ readily dissoKc iti 
water. Upon iLjnition a rcsidne of pallmlinni sponi(e is oblainc'd. 

Caesium Brom-pailadite, precipitated as a dark bn»... 

mass on mixiiiLr e<>nc(nf rat ed soiut ions o|“ ea-sinni lire an id' and jiail 'dons 
bi’oinidc.- t'j>on reerystallisation from dilnfe liNilro'.^a'n hi’omide scdii- 
tion. line reddish brown needle's are obtained, which are anh\droHs. and 
\'ery soluble in water. 

Rubidium Brom-paIladite» ltb.d''llb‘,. is obtained in a precisely 
similar manner te> the e*;esimii salt.- It \ ie Ids similar needle-shaped 
ervstals, whiedi are also nddish brown in (olour. 

Sodium Brom'^palladifc, li.Na^lMlb j.ttIUO. has b* t n obtained' by 
concent lat iuLr mixed solul iems of t he- iiromide s of sejelmm and palladium 
over sulphurie* acid in an e\ae*ueted desiccator. It separates out in 
lartee*. dee-p re-el plates win are xeeeeliu'^d}’ eiclieiuese enl . 

Hro^^palladites of Barium,'* HalMHr, : Strontium,“ SrlMlir, ; 
Manganese/ and Zinc,'* have aKo be e-n desc'ribed. 

Jirum-pidludatcs, .M .^1 M B 

Althomjh ])alladium telrabre>mide' is not known, compounds e^f the' 
tyjH' MoIMlii^;, termed hnnii-pallatldh s, have' been pre-jiare .). Of these* 
t he most impeertanl is : 

'Potassium Brom-palladate, wliie-b is precipitated fnan a 

soiut ieai of potassium brom^pallaeNe on pa^sin^r tijrouyh it a e-urrent of 
bromine* xapeinr.* It also resnlls e)n eixieiisimr a solution of li'r* brom- 
paliaelite with potassium persn*lphate in the presence of liydredaeanic 
acid^' It erystallise's in beautiful blacC octahedra, v hie-h dissej.'vc 
s[>arine|y in water, yieddin^ a reddish brf)wn solutieai. < 

Boilin'^ w'ater a*nd hot concentrated sulpbnrie aeiel each deeom[)e)se 

* ‘ K. F. .'■'inith ane] Wallarc*. ./. A tun . I'hnn. .S'or., jO, 40 ,'>. 

- Gut bier and KreU, //fi., 38. ^ 

^ Bonsdortl, Pttgrj. Atinahn^ 1880, 19, * 

» Scaglinrini inel Bfrtl-CeTe^ni^ Ctizzffhi. 1010. 46, fii], /»!. 
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Jlir sail, bromine bein^ c'TjIved. Ammonia is imfncdialdy cTlTfmpofJcd 

it, with evolution of fiitro;<en. 

Ammonium Brom-palladate, (NIf 4 ) 2 PdBrfi, il obininc^l in a similar 
mmim r to the piaredinir salt, i^e-ecild solutions boimr employed. ^ 'fhe 
salt (Tvstallises fn f'laek, n'^'ul/r oetahedra, wjiieh are stable in air and 
sparin<rly soluble inteold wag(*r, yielding a redilish brown solution, 
rpon liealim^^ in a dry tube, bromine vapour is at first evolved, 
ammonium bromide m'xt sublimes, and a residue oT palladium sponj^e 
remains behind. Towards iiot water, sulplmrie aeid, and ammonia tlie 
salt bebav(‘S in an analoj^ous manner to the iweeisline salt. 

Caesium Birom*'pal]adate, Cs^Pdlb'^, and Rubidium Brom-'palladatei^ 
Rb^IMIlrH, have als^lxam prepared. They^'csemblc the potassium salt 
in ap[)(‘aran(!e and general properties.^ 

PALLADIUM AND IODINE 

Palladous Iodide. IMU* — Palladium is stained by iodine solution and 
tarnished liy iodine vapour, whilst a certain amouid of eoinbinatif)n 
Ix'tween tlx; two elements tak<‘s place when they arc heat{‘d together, 
if th6 metal is in a finely dividitl (tmdition. Palladium is slowly 
attacked by a mixture of nitric and hydriodic acid. In ea(‘]i of these 
cases a little jialladous i(xlide is produced. 

A convenient nu'thod of preparing the salt consists in adding 
])olassium iodide b) a slight excess of pidladous ehlorid(‘ solution,^ 
wh(‘n it is pics*ipitatcd as a black mass, readily soluble in excess of 
jiotassium iodide. When dri(‘d in air it contains one mohciile of wat{'r ; 
lieated to BOO BOtV* (!. it decomposes, evolving iodiiu*. In onh r to 
remove the last tracers 61' iodine, ^how'cver, it is ne(H*ssiirv to heat to 
redni'ss in a current of hydrogen. 

Ammonia converts palladous iixlide into th<‘ dianimoniale, 
^ Although insoluble in water, alcohol, and rlher, it 
dissolves slightly in hydriodic acyd, and easily in atpu'ous potassium 
iodide, yielding : 

Potassium lodopalladite, K.Pdl^, nhich, u[H)n concentration, 
crystallises out as blar'k, hygroscopic cubes.- 


PALLAIVIUM AND OXYGEN 

The existence of five oxides of palladium has at various times been 
postulated, nanu'ly, the siihojide^ PdJl ; j^rnta piilldiUum hc.rnxidt'^ 
lMr()<j; the monoxide, PdO; the dioxide, PdO^, and the sesqui oxide, 
Pd.O;,. 

'Fhe suboxide, Pd.A was believed Bcrzeliuj to be formed during 
the supcriicial oxidation of palladiiuii and to cause the play of colours 
exhibited by the tarnish. Kane * and Wilm** both believed that they 
h;}d obtained the suboxide, but in 189? Wilm^ showed that, 'iu his 
experiments, ox,idation had not been carried to completion, otliefwise 

‘ (lUtUitT nnd Kroll, Jkr., 38, S.tSo. 

^ liass.'iipir, J. ( hitn, tfu'd., iS.’t.’t. [i], 9 ^ 447; 1835, [iij, i, 57 ; 1838, 5 , 349; 

1851. [iii], 7 , 143 ; Gninipo, Bt r., 1874. 7 , 1731, 

Kane, rhil, Tran^., 1843, p. 376. 

« Wilin, /iff.. 1883, 15 , 232r>; 

6 Wilm, Brr., 1892, 25 , 330, 
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t 111' moinixtclo would have been fornied. In view of this it seemed iinlikelv 
that tlu^suhoxide (xijLs. and this is support rd by \Vr»hli‘r and KiiTii^.* 

Sehniidi'T “ l>elie\^d he had otitained the oxide IM4),;. liy rnsintV 
th^ donbli' palladium iiota^simn sulplr.de with sodi' m liydroxide and 
jiotassiiim nitrate. It is|\erv d«)nbtfiiL h“"^'V(*r. i. this is to be re^anled^ 
as a srparate chemical entity.** 

Palladous Oxide, IMth Palladinis t»\ide was obtained by Iter/elius 
by sto-ULily ia'atifiLr jsilladiuni amali^am, by preeipitat inir palladous 
salt solutions with alkali, as well as bv bi iiijf metallic ))alladium with 
alkalisd 

• Palladous oxide is also (d)tained in the anhydroe ; condition by 
lieatini^^ palladous Jiit rate •*, { o a hi<^h ttanpt ratn.i . bn; llie simplest 
and easii st method consists in hyilrolysin^^mi faintly acid solution ot thi* 
nitrate by boiling with water. 

When palladimn is heated to dull redness in oxye< n ])alladous oxide 
is fornu'd. Put it is dillieult to oxielise the metal eomphtely by this 
metlKxl owinir to the smterini» of the natal, xvliieh renders oxidation 
slow. Palladium sponge* is most suilabh* for the* purpose, and should 
l)e heateei in pure oxyiien at tenn)eratures rising slowlv from 7(U>’ (’. to 
SIOM'.' 

'Fhe colour of ])alladous oxide varies ae*e‘orilin,n to its nalhoel of 
pi’( parat ion. Pre'pare'el by the action of alkali upon palladous salts to 
.•ejueous solid ion, it has a ye*llowish browm colour w hiel; becomes 
el.arker on prolonged boilin^n The proelue't obtained b\ the* hydrevtyf' 
dee'omposit io!i of the* nitrate* i.^ alnaesi black, and it in.; well be tt.at 
the* exte nt of hydratieui is resjatnsible* for th(*se* ehaneres. 

Air-ell led speeime*ns e*ontain rathe*!* me'ix* water than ee>rresponds to 
one molt>e*ult‘: when h(*ate*d on the* water-bath the residual wat e*r (’(»rre- 
s*poneis to about tw'o-t hards of a n^deeuie*, Iml the* last t rae*(‘s jire* not 
ri*me)\ e’d e \ e*n at ,'“»0() ( .'* 

The* fre*shly pre'e'ipitat eel oxieh* is reaeliJy solulile* In dilute* a(*iels. 

It is re eluee*d by hvelroyen in the* eohl, evol\ in se) mi.< h he at that it 
bee*omes ineandeseeiit. 

d’he* dissoe'iat ion of ]);ill^e)us oxide' has bee n sliielie el 1)V r,'^ 

whfe shows that it ele*.*oy ^ases when heated, \i.ldiiii^ p.-dlaehum a'i>d 
e>xy<,M*i^,*th(* react ion bein^^ re*ve rsil)Ie ; 

• PtK^ IM I O. 

• 

The elisse/ciation pressure of pallaelium monoxide* at C . ieae*he*s 

7^0 mm. • 

Hydrated Palladium Sesquioxide, IM^O.^. rTI .O, is eouv< iii(*nl ly 
prepare;*d by elee*trolyt ie* oxidaliem of palladeeus nitiate*. Tliis is 
(*ffe{*teel by eoolin^^ a eonee*nt rated .“oluta.ii te» M anel e lee*! n»lysiii;_p 
with a euiTcnt de n.'i^y e)t^ 0-5 ampe re s pe r sep ( :n. It may also be* 
e>btained by ozouisuiej a solution of palladeais nitrate*. 

^ \V()l»l<*r and Kdeiig. Zn'f«h. ('hri., 46, 

2 sAlin«’ide*r, Ptni-j. Annuhti, IsTO, 14 1, .MU. • 

**\V«")}ik'r and Koiiig. Icr,. at. 

• Ik'rze'liu.**, Srhirt njft r' h J IHl.*?, 7 , 00; J’mjrj. Avvnifv , < 3 , I.")!. 

^ FiseiKT, Ponj. Avnalfn, IS47, 

• L. W'ttiler and Krinij^, Z^tsch . (inf>r(}. f'hf in., lun.'i. 46, 

• \Vit}ilor, Zrtfsr/{, FAckirochf.in., lUa.j^II, H.'iO ; Wiim. Ilttli Soc rhim., iSSll, [ij], 38, 

oil ; /kr., 1802,25, 2Jn. • ' ' . 

^ Wdhlor, Zeihrh. EPhtrorhrm.^ 1000, 12 , 781 ; lO^^o, ii, K.'lf,. 

• L. Wohler and Marlin, Zeitsch, am)%g. t'Afni., JtlHiS, 57 , OOS, 
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Tlir hydrnh'd srsrjiiioxido is thrown out as a umwn ^rfcipitatc 
nliiVh may he wasln'd (jwitc' jairc with ice-cold water. It is ilnstablc, 
I^ aihl) soluble iii^ liydroeliloTic acid, yieldin^r J-ui iinstajile solijtif)n 
eonfai/iinif palladium t rielil(%-ide. 

Hydrated Paliadium Dioxi(|e, IMtX. rfLO- may lie olitaiiicd, more 
*or loss coiilaniinaled \^itli alkali by dccom|T()siiffr a solution of [lotassiinn 
palladale willi a slii^ht (‘xccsss of polassiinn hydroxide.^ 

'i’he browa precipitate is waslu^d with hot waffPr and dried over 
co/HrnIraled siilphini; aci(|. The jirodiict thus obtained has one or 
tuo mol(‘eiiIes of combined water according 1(4 circumstances. 

MailCerl - prepared palladium dioxidi* free from alkali bv the actioik 
of o/one in the cohkon palladous chloride in dilute alkaline solution, 
the product, jiow(‘va*r, contained tra(‘es (u basic salt. The reaction 
probably takc's [ilacc* aecordin<' to the folhjwiuL; ecpiation : 

XaJMt'l, ! tiXaOIl* [- ()., I ir/) tXaCI j ()^ .} Pd(),.L>H/). 

Leidie and (^)ii(‘nnessen prepared the dioxide liy treatment of 
palladium sponoc with sodium peroxide, but unfortunately were unable 
to isolate* it. 

It ♦> best jirepared by electrolytic o.tidation of palladous nitrate in 
aei(l soluliiMi. 'Fliis is efl('<*t(‘(l by coolin^r a conccntrat('d solution to 
S ' i\, and effect iiijr (‘Iced rolysis with a current density of 0 5 ampere's 
.\l lirst. the ses(juioxid(‘, IM.X).j.<rII.^(), is tbrmed, but by contiiuu'd 
elect r(»l\ sis tie* dioxide is ultimately (Obtained.* This, curiously enough, 
is not a resul|j #ol direct, oxidation, but oiu* ol dee'omposition follow(‘d 
by oxidation, the s('S(pnoxide splittinji up into lh(‘ dioxide' and mon- 
oxide, the latte*!' dissolviui^Mn the free acid and under^mina oxidation 
ai^min, 

l^alladium (lioxide oblaiiu'd by the method of Ih'iv.e lius is a briirh* 
brown pre'ci|)itate which jrnuluaily beronus dark brown in the cold 
but black on boilinir with water oV tre*atment with dilute acids. The* 
water conte*n'f va^ries conside'r.ibly, but when elrie'd o\’er sidphurie; acid 
to the point at which it be*(*omes powdery it retains two moleeules of 
water. Proloiii^^el dryinn; may reduce* t'i.'s to one molemule*. which, 
howe*ve*r, is held ve*ry lenae-ioiisly.** I’allaefiVi.n dioxide* is not a very 
^sdable substance'. \\ fu n ire'shly prepan'd it is di*ce)mpe)se*d by boilinj' 
’\vKn water, yieldinir ther monoxide. It is reduced by hydrotrni tlie 
orelinarv tcmpcratuiv, evolvin'^ so much heat in the process that the 
mass beronu's ineande'seent. 

Hydrogen pe'roxide reduces it both in acid and in alkaline solution. 
It oxidises oi^i'aiiic substances when boil(*d with their solutions. 

Pallaelium dioxide can net e'xist. in air at temjieraturt's above ‘JOO’ C. 
as it ele'com pose's aces)reiin^ lb the ('({nation ; 

IMOo Peio } 0 . 

The reverse reaction takes, place loo slowly to be observed. 

’ n<*r 7 clins, Afinalcn, 182S, 13 , ir»4. 

- Miiilft'i't, rnuL, 1882, 94 , SIR), llSfi. 

*’ l..i'uiii‘ and Qu('nn<*s.sc’n, nuU, Soc. chim., 1902, 27, 179. 

* b. Wiihli'r ai\d K. .Martin, Zeitsrh. anorg. Chem., 11)08, 57, 998 ; based on F. Wiililer's 
method. Anmikn, IStJS, ,146, .‘ITa. 

“ Wedder, Zt iU’tc/i. Kh'ktrm'hcnA, 1905, ii, 8,10. 

* Wdlde'r and Kjinig, Zdheh. anorg. Chem., 1905, 46 , 32:i. 
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PALLADIUM AND SULPHUR 

* Palladium Siibsulphide, 'I’his sii^pliitio lia^ luvn pn'pan^d by 

luatiiiLj to l)rii,dil ndncss a uiixluiv of palladoU'; srlj)l;^d(‘ (1 part) with 
aniinoiiiiim clilorido ((J ||:lrt^ ), sodium hydroxidt* (12 parts), and llo\v<'rs* 
of sulphur (12 parts), 'rho product is \;aslicd w'ith cold water.* 

Another ni^t I^hI consists - in ii^nitin^' ])alladosaminine chlorid(‘, 
PdC’l2.2\H.j, with 2a per cent, of its wtitrlit of sulphur in a crucible 
ufid(‘r a lav(‘r of borax, at the teinperatun* at which ^old melt'* {rirrti 
l(Hi2 ' C.). 

* As r)btained by thi'se methods j)ailadiuin subsu]|)hi(!‘* ,‘v a iiard, ^rey, 
metallie-lookifi;' mass, v a liranular fracture. It is amorphous ; 
d(‘nsity 7-.‘l ; and it is solullc in aipia rc^ia. 

Palladous Sulphide, Palladium Monosulphide, IMS, n suits on 
heatin^^ toir(*ther sulphur .and .ammonium chl.»r-p.all.ad.atc ^ : it is also 
formed * by passin<^ puia* hydro^a n sulphich* ovea* pallaflos.amminc' 
chlorid(' at 7<t" to <S()' C'. The mass Ixcouks black, .and at hif^dicr 
t(‘inperatures .anmioniuiu chloride volatilises, le.ivin;^ .a r(‘sidu(‘, insoluble 
in indiN'idual mineral acids, but solulile in mixtures such as a<)U.a ri'eja. 

As obtaiiU'd in ci!lur ol the forcir(»ini,^ ways, palladous snlphtdc is a 
liard, metallic-lo(>kinL,^ substance, meltinijat appneximately ' and 
insoluble' in all ordinary solva nts. 

On passini; hydrogen sulphide throujd^ u solution of a judladous 
salt, a. dark brown preeipit.at(‘ is obtained, which is [iresurnably anotla r 
form of palladous sulphide.* It is insoliibh in .amnft-nium sulphate 
and in hydrochloric acid, but it dissolve's both in nitric acid aial in 
a(pia rcLfia. When heated in air, a basic sulphate is produced, whilst, 
ill chlorine palladous chloride is foryu'd, Po? issiiim cyanide (^u’adiially 
<‘fft‘els its solution. With sulphides of tjie alkali metals, snlj)hn or 
iJiio- prtllddifrs, M2lMaSj, are form« d. 

Potassium Thio«-palla(lite, l\ is obtained ’ as la ai^am.afia'eilh's 

on luatin^Mo redness. a inixtun* of J ]).art of pallad<*us sulphide' with 
12 paits of a mixture eontaininji^ caustic potash aial sul))hnr in eenial 
jjroportions Extraction y:? he melt >Nitli water haves a resielne of 
crysta|]ine thio-])all.‘iditiT I'lie crystals are ins« jnt)Ie in water, viole t- 
})lue in colour when moist, but metallic irre*y wlien etry. 'J'lu'y e(? .soJ^V 
with Heceimposilion, in hydroelilorie aeiel. 

TtTe aejueems sejlution of potassium I Jiio-palladite* interacts with one 
of silver nitrate to yie[d insoluble liexa^amal lamelhe of Silver Thio« 
palladite, ... , « * 

Palladic Sulphide, Palladium Disulphide, PdS^, has be^n prepare el * 
by if'nitiui^ at brii'lit red be.at a mi>Jure e»f ammonium elilor-palladalc« 
(1 ]).'irt) with sulpiiuj(12 fffirts) ami sodium hyelroxieh' (12 parts). 'I'he 
chieir-palladatc mav he replaceel 1)V jiallaeious suljihide. 'i'la prenluet 
is treated first with alceiliol and then with dilute* hydroelilorie* ;ieid. 
whei» the disulphide is loft as a elark bre^wn crystalline powele r, x'>hi<*h 
readily dissolves in aepia rej^ia. Exposure to air does neit affect it, 'out 

* Schneider, Pogg. tifnnalcn^ 1870, 141, f>19. 

“ F. Rqcssle^r, Zntach. nnorg. Chem.* I80r», 9 , ,31. 

*’ Vanquelin. Ann. Chim, Phyn., 181.3. (1), 88. 184. 

< Smith and Keller, Per., 1800, 33, IftMli, 

'■ Petrenko- Kritsohonke, Her., 180.3, 26, 270; Brrzelius, P*>'jg.*Annnhn, 1828, 13, 
454 ; Fellcnberg, ihid., 1840, 50, Gl. 
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iVnition in an inert ^7as causes the loss of sulphur. With swlpjiides of 
t?ie ifikali metals, double sulphides arc formed, known ^rencyally as 
shlphn- or Ihio-pallfdates, and liaviri" the j[,^eneral^ormula,M2PdS3. 

Potassium Thio«*palladaie, KolMS.^ -}- KgS, is obtained' mixed with 
palladium on recKicifi*/ potassium thiopalladitc in a current of hydrogen. 
’Kxlra(dion with wat(ir leaves j^netallic patlad/am, whilst the solution 
contains potassium, palladium, and sulphur in proportions corresponding 
to the formula ^ KgPdSa.KgS. 

Sodium Thio-palladate> Na2pdS3. — On heating to redness a mixture 
containing cqiud parts of sodium hydroxide aivl sulphur with one-sixth 
of its weight of palladons sulphide or chloride and extracting the melt, 
with water, sodium vtlno-piilladatc passes into solution, together with 
some sodium sulphide.^ Interaction with a solution of silver nitrate 
yields a brownish black crystalline powder consisting of Silver Thio>* 
palladate, Ag2PdS3. 

Palladous Sulphite, 1’d(SOo)2, known. 

Sodium Pallado-sulphite, Na2Pd{S03)2.2Na2S03, is obtained ^ as a 
white precipitate on saturating a solution of palladous chloride with 
sulphur dioxide and subsequently neutralising with sodium carbonate. 

Arqjtnonium Chlor*>pallado- 8 ulphite|^^ (NIl4)2PdCl3.S03. 211.20, has 
been prc'pared. 

Palladous Sulphate, PdS04.2ll20. — This salt may be prepared in a 
variety of Nvays, notably by heating palladium with concentrated 
sulphuric acid, or a mixture of this with nitric acid ; by heating palla- 
dous nitrate with sulphuric acid until all nitrous fumes have been 
expelled ; by sfissolving liydratcd palladous oxide in sulphuric acid ; 
and finally by fusing ])aliadium and potassium hydrogen sulphate. 
The salt yields reddish brown crystals, which deliquesce in moist air. 
Soluble in water, they are decomporx'd in excess of that liquid, yie'kling 
a basic; derivative, to whiehcthc formula PdSO4.7Pd().0Il5.O has been 
given.® 


PALLADIUM />ND SELENIUM 

Indications arc not wanting that a sr^'seknuic, of fonnula Pd 480, 
may possibly he eapal/lo of existence.'*** 

Palladous Selenide, PdSe.— ‘IhTzelius found tliat palladiefii and 
srtiaium unite to form a refractory, grey'selcnidc when heated together, 
their union being accompanieel with evolution of heat. • 

Uoesslcr * obtained the selenide by igniting palladosamminc chloride, 
PdCl2‘2NH3, with half its weight of selenium', using borax as a flux. 
The product l«\s a ifiotullic appearance, with a fine-grained fracture. It 
melts at a lower temperature than silver (960° C.) without loss of 
selenium even in air. It dissolves 'completely in aqua regia, and serves 
to illustrate the observation that solcnides* are ,ilisually more readily 
attacked ^by acids than the corresponding sulphides? 

Palladous Selenate, PdSc04. — Palladium dissolves in selenict acid 
to deep reddish brown solution which, on concentration, yield*} a 
mixture of palladous selcnatc and sclcnous acid. Pure palladous 
sclenatc, PdSeOi, results when paliadiitm is dissolvcVl in n mivture of 

* Sohneidor, P(»jg, Annalent 1870, 141 , Y)19. 

* Wohlor and Froriths, Annalen, 1872, 164 ; 17JI; Wiihler, t 6 id., 1874, 174 , 200. 

* Kane, PhiL ^rans,, 1842, ^ 32 , 275. 

* Rooflsler, Zeitsch, anorg, Ohem^t 1895, 9, 31* 
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selenous' aUd nitric acids. It crystallises in dark brownish red, hygro- 
scopic ilioinbs, and forms double salts, witlf ainnioniurn sclenaic or 
sidphatc. AVhen warticd with concentratcj| hydrochloric acid, chloriMfe 
is evolved.^ 

PALIlVDHbM AND NITROGEN 

I • 

Palladous Nitjrate, Pd(N03)2, may be obtained by dissolvitig the 
metal in nitric acid of density 1*35 to I' t, and cooling ihc concentrated 
solution, when the salt crystallises out •in brownish yellow, ortho- 
rhombic crystals. These are dclit}U(‘seent, and readily dissiihe in 
Vatcr, yielding a solution that is not very stable. AVhen heated, the 
crystals decom]wsy, yielilia.; ]>nlladous oxide.- ^ 

Although Palladous Nitrite has not been isolated, double salts in 
general formula 2 MNO.,. IV^NOo).^ or M^Pd^NOo)! have been prepared. 
The most imjjortant of these is : . 

Potassium PalIado«-nitrite, K^PinNOo),. which is obtained by addi- 
tion of potassium nitrite to a solid i<»n of palladous nitrate or chloride, 
and subsequent boiling.^ On crystallisation in the warm the aidiydrous 
salt is obtained, whilst in the cold the dilit/dnitr, K2pd(N02)^.‘JlIn0, 
separates out as yellow, etllorescent, trielinie prisms.* 'riiese are^i adily 
soluble in water, but less so in an aqueous solution of iiotassium chloride. 
The solution does not behave like one of an ordinary palladous salt 
towards chemical reagents. For oample, it is not iin'cipltatcd by 
hydrogen sulphide, nor even by niereurie cyanide, until aftiT prolonged 
boiling, a fact that indicates its comph’X nature. It j . not a simple 
double nitrite, but a pallado-nitrite in which the palladifini occurs, not 
in the positive, but in the negative radicle. 

Potassium Chlor-pallado-nitrite,^ K^PdC’L(N0.2)2 ; 

Potassium Brom«pallado'*iiitrite?*^ K2lMRr2(N()2)2 ; and 

Potassium Iodo''pallado**iiitritc,’ K .PdP.>(N 02 V>, have bi‘en prepared. 

Silver Pallado-nitrite/ Ag2Pd(NO;)4, has been dcseribrd. 

PALLADIILM AND PHOSPHORUS 

Pa^adium combines* with |TIiosj)horus at lemperatiires, but 

deliuitc jdiospbidcs do not upyear as fet to havi* Ikcii isolated. Simi- 
larly, hydrogen phosphide causes the jin cipitation of a mass, e(;nlai?? 5 b‘g 
both palladium and phosphorus, when pjtssed into an aqueous solution 
of a palladous salt. Cmnplex ehlorophosphides have been priqiared.® 

Palladium Dihromiae Phosphorus Tribrumidc, PdRr^.l’Rry, is de- 
scribed os forming reddisli brown, deliquescent crystals. 

^ Hradecky, MonaUh., 1915, 36, 289. • ’ 

• Sec Wollaston, Ani^ Chim*. Phya,, 1829, 41, TlH; FisqJjcr, Payy. Annuhn, 1827, 

9. 250; 1827, XO, 607; i2, 504; 4830, 18, 2.50; 1847, 71, 431 ; 1848, 74, 123; 

Kune, Phil. Trans., 18^2, 132, 276. 

» Soo Gibbs, Amer. J. Set., 1802,34, 341 ; LanR, J. yraki. Chem., 18(fl, 83, 415; 
Pozzi^lscot and Conquet, Compt. rend., 1900, X30, 4073. 

• Dufet, Bull. Soc. jt/in., 1895, 18, 419. 

• V^zos, Comp(.re«4., 1892, X 15, 111. ^ - 

• V^zes and Loisetcur ; see Moissqp, Trait/ de Chimie. Minerals, 1900, 5, 876. 

’ RoscHheim and Uzig, Zfitach. anorg.fhem., HHK), 23, 28. • 

» Gibbs, Amer. J. 8ci., 1862, 34, 34Ji ; J. prahi. Vhem., 1864, 91, 176 ; Lang, ibid., 
1861,83,116. • . ^ 

» Fink, Compt. rend., 1802, 1x5, 170 ; 1896, 123, 6tT3. 

Streoker and Scbmlgin, Ber., 1909*#42i 1767.^ 
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PALLADIUM AND ANTIMONY 

t 

Palladium reacftly alloysc with antimony, an<# the existence of tfie 
following compounds has been indicated,. PdgSb, PdjSbg, PdSb, a?id 
. PdSbg. The alloys have no majjnctic power, QXid those containing up 
to about 85 per cent. o*f palladium are characterised by their brittleness.^ 
The compound, PdgSb, exhibits the maximum britt|picss. 


PALLADIUM AND CARKON 

Palladium and Airbon do not appear ^o unite to form a definite 
harbide, although when the two elements are heated together in the 
eleetrif^ furnace [)alladium absorbs a certain amount of carbon, which, on 
solidification of the metal during cooling, is given up again as graphite.^ 

Palladtum Cyanide, t^d{CN)£, was known to Berzelius,* who obtained 
it by decomposition of a palladium salt with mercuric cyanide. It 
also results when j)alladium oxide is boiled with a solution of mercuric 
cyanide. These reactions afford a useful method of separating pal- 
ladiuiT^ from its congeners. When heated in air cyanogen is evolved 
and sj)ongy palladium left. 

Palladium cyanide is very stable ; insoluble in acids, it dissolves in 
potassium cyanide, yielding : 

Potassium Palladocyanide, K2Pd(CN)4. 811^0, which crystallises on 
evaporation of the solution. Soluble in water and alcohol, it effloresces 
in air, and at iOO® C. loses two molecules of water, yielding the jnono- 
hydrate, K.^Pd(CN)4.Il20. At 200® C. it becomes anhydrous. It is 
isomorphous with the corj:esponding platino-cyanide. 

Ammonium Palladocyanide is viot known, palladosarnmines being 
obtained instead. 

Sodium Palladocyanide, ' Na2Pd(CN)|.3H20, is prepared in an 
.analogous manner to the potassium salt. It also yields a monohydrale, 
Na 2 Pd(CN) 4 .H 30 . 

Pallado-cyanidcs of barium, BaPd(CN),-r4-ll20 ; calcium, CaPd(CN)4, 
4H2O ; and magnesium, MgPd(CN)4.1?r20, rtgve also l)ocir prepared.^ 

Palladium Thiocyi&afe, Pd(CNS)2, results as a brick-red pr«v«ipitatc 
Oftivdding the requisite (juantity of pota.vsium thiocyanate to a sqlution 
of potassium chlor-palladitc. At is soluble in excess of the thiocyanate,® 
yielding Potassium Pallado-thiocyanate, K2Pd(CN‘S)4, wlvich crystallises 
out in red needles upon evaporation. ' 

PALLADIUM, AND SILICON 

On heating an intimate mixture of palladilim and crystallised 
silicon tq, about 500 ® to 600 ® C. combination ensues* with incandescence 
and fusion. The melting-point falls from 1587 ® C. (m.p. of Pd), to a 

i Sander, ZeUsch, anorg, Chem,, 1912, 75 , 97 ; Rocsslcr, ibid., 1895, 9 , 65. 

’ Moissan, G<mpt\ rend., 1890, iz$, 16. « 

* Bersolius, Pogg. Annalen, 1828, 13 , 461. JS©e also Felilmk, Annalen, 1841, 39 , 
110; lUmdielsberg, 1838, 28 , 216; l*ogg. Annalen, 1837, 42 , 137 ; ^Wollaston, 
Ann. CAim. PAgs., 1829, 41 , 413. 

* H. Roasler, ZeUncAfCAem., 1866, 9, 175. ‘ ' 

* Belluooi, Atti R. Acatd. tincei, 1904, 13 , li, 386; QazzeUa, 1005, 35 , i, 343; 
Kem, QAem. Ji875, 32 , 242. 
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minimum 670° C. upon addition of silicon, the minimum corrcsiwnd- 
ini^ to 6||xt cent. Sj. It then riscs io 1100° U with further mhlitmn oT 
silicon up to 11-76 jgcr cent, and correspond in the eompositioh 

PAjvSi. The melting-point again falls to a niinimu?*i of 7.50° (\ with 
IG per cent, silicon, and ris(‘s to a maxitnum of 1)9C" C. f\’ith 21 per e(‘nt. 
Si, corresponding to Pdfei. This is followed by a third niiniinimi of 
825° C., after which the mclting-|K>ini rises to that of pure silieoji, 
namely, 1181° C. • 

Palladium Monosilicide, PdSi, is ohtauicd as brilliant bluish gn-y 
fragments on treating any Pd-Si alloy, containing abo^•e (JO per eenl. of 
silicon, with dilute |K)tash. The free silieon dissolves, leaving fhc 
silicidc as residue. Densit3^7-21 at 15° C. ^ 

It is attacked when heateef in chlorine or lluorine. In air it tarnishes 
at dull red heat. Cold nitric acid and a(]ua regia affaek it ; caustic 
alkalies slowly act upon it ; whilst hydrochloric and sulphuric ac-ids 
are without action.' 

Palladium Subsilicide, Pd 2 Si, has not bccj) satisfactorily isolated. 


Detection and Estimation of PaUadium. — See Chapter X. 
* Lcbcau and Jolibois, Compt. rcjid., 1008, 146, 1028. 



CHAPTER VH 

OSMIUM AND ns COMPOUNDS . 


OSMIUM 

Symbol, Os. Atomic weight, 190*9 (0 — 16) 

Occurrence and I^itory.— Osmium occiAj iu nature alloyed with 
iridium as iridosmine or osmiridiumt which is found as irregular flattened 
grains and, more rarely, as hexagonal prisms. It has a metallic lustre, 
tin-wliitc to light steel-grey in appe«arance ; hardness 6-7; density 
19*6 to 21*12.^ It oecurs in Choeo, South America ; in the Urals ; in 
aiiriferous and other drifts in New South Wales ; in auriferous beach- 
sands of North California ; and also in gold washings of certain 
Canadian rivers.^ 

Th€ following analyses - of osmiriditAn arc typical : 


Source. 

If. 

Rh. 

Pt. 

Ru. 

Os. 

Cu. 

Fe. 

N. Grenada * * 

70*40 

12*80 

0*10 


17*20 



»» • 

57*80 

0*63 

— 

6*37 

35*10 

0*06 

010 

('ulifornia • 

53*50 

2*60 

— 

0*50 

43*40 

— 


Australia . 

58*l3 

3*04 

— 

5*22 

33*46 

0*15 

• 

Borneo 

58*27. 

2*64 

0*15 

— 

38*94 


— 

Urals . 

77*20 

0*50 

1*10 

0*20 

21*00 

trace 

— 


Osmium was first identified as a new metal by Tennant, ^ who 
derived its name from the Greek smell, on acooimt of the 

odour of its volatile .vctroxidc. ^ lie at first proposed to call J^t ptaic, 
f'^ni irrcpof, volatile or winged, but fortunately this name was not 
adopted, , I 

Preparation* — Osmium may be isolated* in a fairly pure state fiom 
the distillate, rich in that metal, obtained during the process of extract- 
ing ruthenium from osmiridium (sec p. 166). The distillate is redistilled 
and collected in aqueous ammonia. Saturation with hydrogen sulphide 
yields a j^rccipitatc of the br;)wn t 'trasulphidc, OsS^, which is separated 
by filtration and heated in a closed carl)on cmcible to a high tempera- 
ture,* when the osmium is found on the upper ^art of the crucible as 
a brilliant metal, bluish in colour, somewhat resenibling zinc. 

Osmium may also be obtained in an amorphous, but pure, con- 
dition by reduction of the vaporised tetroxide, OsOi, by passage 
through a red-not porcelain tube together with a mixture of the 

* I)an»! A Sustem of Mineralogy (Wiley and Sons, 1900). 

* Devilieand Debrav, -dwn. Chim. Phys., 1859, 56 , 386. 

Tennant, Phi^ TrSwt., 180^ p. 411. 

* Aooordiog to Doville &nd Debray, to the melting-point of nickel ( 1462'’ C.) or rhodium 
(1907'* C.). 
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uiuAiae anf monoxide of carbon.^ The osi^iium separates out gs a. 
powder. , . ' » 

JDther methods consist in reducing aqii^ous sol ’t ions of osmiunt 
tetroxidc with an alkali fonnate,^ wlien the metal is precipitated as a 
blue i)o\vdcr; by decomposing acidulated solutions of 'the tetroxidc 
with zinc ^ or with mercu^*,^ fh which latter case the resulting amalgam 
is distilled. 

Osmium may "be obtained in a crystalline form by heating to redness 
with seven or eight times its weight of tir in a carbon crucible and 
allowing to cool slowly. The osmium separates on solidilicatioii and 
niay be isolated by treatment with hydrochloric acid, v\hieh dissolves 
away the tin.* .. . i, 

Recovery of Oimium from Residues. — Osmium residues containing 
organic matter do not yield up the wliole of their osmium contciil as 
chloride when mixed with sodium chloride and ignitc<i in cliloriiu*. “ 'fo 
recover the metal from sucli sources, therefore, it is convenient to 
ignite the mass in a eurrent of oxygen, whereby the organic matter is 
oxidised to carbon dioxide, and the osmium to tetroxidc, which is 
absorbed in alkaline reducing agents. As examples of the last named, 
alcohol in dilute caustic alkah solution, and alcoholic hydrazine liy|h-ate, 
may be mentioned. The reduced solution is evai)oratcd to dryness, 
and the residue ignited in hydrogen and cooled in carbon dioxide. 

Physical Properties.- -Osmium crystallises in cubes or obtuse rhom- 
bohedra of density ranging from 21*3 to 24.® It is thus the most dense 
substance known*. It is also very hard (hardness 7*5^ and brittle, 
readily scratching glass, and in the massive form can be heated to the 
melting-point of zinc (419’’ C.) without volatilisation.® At higher tcin- 
|)eratures combustion takes pdacc. 

rOsmium melts at 2200 ° to 2000 ° C., and may be distilled slowly in 
the electric furnace.^ At these high temperatures osmium can dis.solvc 
carbon. The sp)eciric heat of osmium is 0*03115.® 

Tlic most intense lines in the sp)ectrum are as follow ® : 

Arc; 3752*69, 3782*84, 8794*08, 8963*80, ;^977*39. 4112*19, 
4135-90, 4178*40, 421^*(?h, 4261*01, 4420*64. 

Spajk: 2909*19, 8772*71, 4135*95, 4261*01, ^120*62. 

Chemical Properties.~~Osinium oxidises when heated in air. The 
oxidatioh of the powdered metal begins at temperatures below 212 ° C. 
in air, and below 170° C. in oxygen,^® volatile vapours of the tetroxidc, 
OSO 4 , being evolved. These vapours are intensely poisonous, pro- 
ducing temporary blindness and other unpleasant symptoms.- Osmium 
is also oxidised when heated in steam. It is readily dissolved by 

a 

* l)ev}lio and Debray, CwPipi, rend., 187(^ 82 , 1076. 

* Doebereiner, Annaltn Ib^, 14 , 17. 

* Vanquelin, Annalee Chim., 1814, 89 , 150. 

* Beraelius, Ann. Chim. Phye,, 1829, 40 , 258. • 

* Dville an^ Debray, Ann. Chik. Phye., 1859, 56 , 385. 

* Gutbier, Chem. Ztii., J913, 37 , 867. 

’ Moiasan, Com^. rend,, 19<M, 142 , 189. See also Joty and V^zes, ibid., 1893, tx 6 , 
577. # - • 

* Regnaolt, Aan. Chim. Phye., 1856, 46 , 2t)2; 1801, 63 , U* 

* Exner and Haechek, Vie Speklren ekPKlmenU bei normaUn^ Vrw,k (l^jpzig and 
Wien, 1911). 

^ 811 I 0 , Zeitech. anorg. Chem., 1899, 19 , 
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fuining nitric acid, and by aqua regia unless the osmium hats previously 
tbcen strongly heated. 

* Fluorine is without action in the cold, but qpon \varming combina- 
tion takes place. , Chlorine attacks osmium at high tem*peratures,athe 
tetrachloride, bsCl4, resulting at 650® to 700® C. Bromine vapour, 
however, is without *action upon the metal.^ \ 

When fused with a mixture of peroxide and nitjate of barium oi 
sodium, osmium is dissolved. 

Osmium Hydrosol or «Colloidal Osmium is readily prepared by 
reducing potassium osmate, K2OSO4, with. hydrazine hydrate in the 
[iresence of some protective colloid such as gum acacia * or lysalb^e 
(or protalbate) or sodium.* The reduction may be effected with 
acrolein ^ if desired. 

Colloidal osmium may also be obtained by reduction of colloidal 
osmium dioxide. Th\; last named is prepared (see p. 220) by reduction 
with hydrazine hydrate of potassium osmate solution suspended in 
lanolin, which serves as protective colloid. The product is dissolved 
in petroleum, precipitated with alcohol and reduced in a current of 
hydrogen at 50^ to 60® C. A solution containing 21 per cent, of osmium 
has keen obtained in this manner.* , 

Colloidal osmium readily undergoes oxidation ; it catalytically 
assists the reduction of unsaturated compounds by gaseous hydrogen. 
In this respect it is stated to be even more effective than the finely 
divided metal,® but less active than either platinum or iridium. Carbon 
monoxide combines with oxygen, yielding the dioxide, when shaken at 
ordinary tcihperatures with the hydrosol of osmium.’ 

Catalytic Activity of Finely Divided C)smium,“-In the finely 
divided condition metallic osmium possesses marked catalytic activity.® 
At 40® to 50® C. it causes hydrogen and oxygen to unite with explosive 
violence.® It has proved to be a very effective catalyst in the prepara- 
tion, of ammonia by synthesis from its elements under a pressure of 
185 atmospheres and at a temperature of 880® to 1000® C.^® Osmium 
obtained by ignition of ammo^iium chlorosmate in hydrogen, when 
mixed with certain unsaturated org8.»nc substances such as cyclo- 
hexcue, either alone^or diluted with tacetdne^ and exposed to an atmos- 
phere of oxygen, cUtalytiCally assists their oxidation. Thi^i property 
not shared under these conditions by the other platinum metals, 
although tellurium exhibits a certain degree of activity.^^ 

Atomic Weight. — Apwoanmate Atomic Weight, — Several considera- 
tions lead ps to the conclusion that the atomic weight of osmium is of 
the or^er of. 191. The chief reasons may be summarised as follows : 

(1) Analyses of and, vapour density measurements with osmium 
tetroxide and osmium octainucKride indicate that the osmium in the 
molecules of these two compounds has a weight of approximately" 190. 

> Momht and Wisohin, Zeitteh. aiwrg, CAem./'lSSS, 3, 163. 

* Gutbier and Hofmeior, J, pmH, QKem„ 1^, [ii], 71, 462. 

* Poal and Amber^r, Ber., 1007, 40, 1302, 2201. 

* 0a«toro, Z€il«eh, anorg, Chem,, 1904, 41, 131. 

* Amberger, KoUoid, ZtiUeh,y 1015, 17, 47. « 

* Willst&tter and Sonnenfeld, Ber., 1914, 47, 2^1. 

’ Paal, Bcf., 1016, 49, 648. 

* Phigips, Zeit^, anorg, CA#m., 1804, 6, 220. 

* Diilong and Theuard, Ana. Ohiim^ PhM,, 1823, S4, 381. 

Haber and Lo Boeeijraol, ZtiUck^ Plelffvckm,, 1013, 19, 63. 

WiliaUliter and ,8onBetifeU, j^., 1 013, 46, 3008« 



THIS sets ^siipenor limit to the atomic weight ot osmititii, which niight 
howera*» be a submtiltiplc of this value. ^ ^ 

(2) ^fhe sf)ecinc heat of osmium is 0*0811. AsSimiing, therefore, % 
mean atomic hcxit oV 0*4, the atomic wcigHl of the metal, acconling tc 
Dulong and Petit’s Law, is approximately 200. 

(8) Osmium bears a elosc resemblance to rutl'cnium in many of its 
chemical pro|>crties ; in fact, in certain respect s, such as the formation 
of tetroxides, the*;e two elements are absolutely unique amongst the 
metals of the platinum group. 

Furthermore, a distinct gradation in proj)crties can l>e traced as 
wc pass from osmium, through iridium to jdatiiiuni. 

There seems little reason to question, therefu.c, the propriety ol 
placing osmium as the (irst member of the third scries of triads in 
Group VIII. This postulates an atomic weight intermediate between 
184 (at. wt.of tungsten) and 198*1 (nt. wt.of iridium), but nearer to the 
latter value, inasmuch as an intermediate element between tungsten 
luid osmium is missing from Group VII. 

(4) Alkali hexachlorosmates are isomorphous with the corresponding 
tori vati VOS of palladium, iridium, and platinum, and may theief'ore l>c 
issumcd, by application of ^he Law of Mitseherlich, to have the ge neral 
formula McOsCIg. 

Again, potassium osmocyanide is isomorphous with j)otassium 
crrocyaniclc and potassium ruthciujcyariide, and may therefore be 
udgt^d to have the formula K 40 s(CN) 6 . 3 H 20 . 

.\nalyses of these com|K)uiids indicate that the atoisiic weight of 
)smium is 190-9, \ 

EiVact Atomic Weight. — The early determinations, by Herzelius ^ and 
Freniy,*** gave very high values for the atomic weight of osmium, 
Berzelius analysed potassium chloroimate by i educing the heated salt 
in a stream of hydrogen, and separating and weighing the osmium and 
potassium chloride in the residue, his result being as follows ® ; 

2KCJ ; Os : ; 100*00 : 133*42 wh-nce On = 198-9 

Fr^»my’s value was Os == derived from the analysis of osmium 

tetroxidc. 

Thatithcse values are much higher than the coircct one was fonttold 
by Mendelecff, and confirmed by Scubert in 1888. The latter chcfiii^ 
showed! the substantial accuracy of his r.jsults in a second series of 
experiments, published in 1891.^ , 

Seubert analysed twosnilts, namely, ammonium and potassium chlor- 
osniate. The former was heated in a streani of hyd*ogcny ih - ^residual , 
osnuum weighed, the volatile chlorides collected, and the chlorine 
contained therein determined as silvei chloride. 

eexpts. (NH,)*OsCli . Os :*: lOO-rtJO : 48-459 whence 0# - 

4 expts. eAgCl : (Nil 4 ),OsCl, : 1 100-000 : 51 -283 „ Os = 192 2^ 

Tlje latter was first analysed by rcduclfon in a stream of hydrogtt^l' 

the hydrogen clilorit^ produced being determined by conversion intpS 

• 

^ Benteliua Pegg. Anmlen, ia 28 , 13 , <>30. 

* Frdmy, Cempts rend., 1844, 19 , 488 ; J. praH. Chm., 1844, [i], 31 , 407. 

> The anttoedent data in thh oalculatioiiA In this are a$ follow 

0 16*000, N « 14-008, H » 1^762, a ^ 35*467, ifg m 30*100. 

4 Seubert^ Ber^ 1888, ai, 1830 ; Annaii^ 1801, 261 , 257, 



silver chloride ; the rcsicliml osmium plus potassium chloride was 
wciiflied, the )X)tassium chloride dissolved out, recovered by evf^ratiori, 
and weighed separately. 

2 expts. KjtJsCHj : 2K(:i : : 100 000 : 80*987 whence Os == 196-27 

2 expts. 4AgCl : K-psCI, : : 100*000 ; tt4*0|7 „ Os = 191-23 

III a second method of analysis employed with this salt the weighed 
mixture of osmium and ixjtassium chloride, oblatned as before, was 
ignited in a bout in a platinum tube until the potassium chloride had. 
volatilised, a current of hydrogen passing tlurough the tube during the 
experiment. The residual osmium was then weighed : 

9 exj)ls. K.OsCla : Os : : 100*000 : 89*fe8 whence Os = 190-38 

7 expts. K'OsClg : 2KC1 ; : 100*000 : 80*981 „ Os = 191-11 

In 1912 Seybold ^ jiublished two s(;ries of analyses of ammonium 
ehlorosmate, the osmium being determined : 

(i) 5 ex|)ls. (NIl4)20sClg : Os : : 100*000 : 48*212 whence Os = 189-4 

(ii) 3 expts. (NHjj.psCIo : Os : : 100*000 : 48*437 „ Os = 191-1 

Sc^bold considers that the second series of analyses is vitiated 
owing to ahsorptiou of oxygen by the osmium. 

The Table given by the International Committee for 1921 gives 

Os - 190 9. 

It will be clear that neither Scul>crt’s nor Sey bold’s results are of the 
liigh standard reached in many modern atomic weight researches. 
Furllier determinations of this atomic weight are urgently needed, 
the value in current use being stated more precisely than is justified 
by the evidence at present available. • 

Uses. — Osmium has bctu used in the manufacture of filaments for 
certaip electric lamps on nceoimt of its high infusibility, for, next to 
tungsten, it is the most refractory of metals. 

Otherwise the metal is of but little commercial importance. Certain 
of its compounds, notably osmic acid, used in microscopy. 

Alloys , — ^Thc mofl imjxirtant aliuy of osmium is osmiridium or 
iridosrmne, which occhirs in nature in platinum ores, as has already been 
iMiitioncd.* Two varieties arc known, namely, nevyamJiite, covfaining 
over 40 per cent, of iridium, and siserskitey containing 80 per tent, or 
less of that metal.® Osmiridium is exceptioifally resistant to acid 
attack, and is non-magnetic. It is used in tipping gold pen nibs. No 
defmite compound of osmium and iridium is known, however. In fact 
osmium docs not appear to form comjiounds with any metals. It 
dissolves in zinc, ^ and undoubtcBly forms, an amalgam with mercury, 
since the last named, in contact with osmiunj'^tetroxide, wets glass, 
containing vessels becoming rapidly silvered.®* ® With iron an alloy is 
fonued capable of taking a temper.’ Osmium, when linely divided, 

' ' Soybold, I\Mugwal Di^sertatioHf Erltuigeii, 1912. ” 

Heo p. 202, rkero analyaos o! the alloy from various Bo,«iroes arc given. 

’ Dana, A 3v«t€m of Mineratogy {Wiloy and Sons, 1900). 

' * DeViUa ana Debray, Compt. rend,, 1$S2. ^4, 1669.< 

* BorcoUus, Ann, Chim, Phy$,, 1829, 40, 258. 

* Tennant, PhU, Tranti,, 1804, 94, 411. ^ • 

* Stodart and Faraday, Phii. Trant.» 1822, p. 2631 ; iinn. Chim, Phyt., 1822, 21, 73. 
BouMiiigault, A%n* Chim, PAyt., 1878, 15, 9^. 
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alloys wittf jjold,* but tin* product is attacke<| by aqua re^a. Alloys 
with copj>cr have .been prepared.* 

OSMIUM AND FLUORINE 
* 

Until 191 no dcfii.itc fluoride of osmiinn had been isolated, 
although it was Known that, upon warming osmium in fluorine, combi* 
nation takes place. Furthermore, on heating osmic acid witli an 
alcoholic solution of hydrogen fluoride, a dnrlc powder has been obtained,* 
which apf)ears to l>e an oxy fluoride. 

In 1913, however, Uuff and Tsehirch * published an acv'uunt of their 
very interesting researciv s into the nature of tlic products formed 
when osmium is heated in fluorine. They .showed that three fluorides 
are capable of existence, namely, the tetra-, hexa-, and octa-lluoride 
respectively. The last named is interesting as definitely establishing 
the octavalent nature of osmium. 

The osmium was obtained by reduction of the dioxide in a mixture 
of hydrogen and eaibon dioxide, the most reactive metal being obtained 
at lower reduction temperatures, namely, about 250° C. Upon passing 
fluorine over, a niixluro of the fluorides was obtained, the relative 
pro]K)rtions varying according to the temperature, the rate of flow of 
the fluorine current, and the particular physical condition of the 
o.smium. 

For example, by employing a temperature of 250° (\ and a rapid 
stream of fluorine, a very reactive osmium preparatiori was found to^,* 
yield a high percentage of Osmium Octafluoride,0.sFg. This, being the 
most volatile of the products, is collected in a vessel cooled in a mixture ' 
of solid carbon dioxide and aleoliol, under which conditions it yields a 
yellow, solid sublimate. It melts at 8 1'S® C. to a yellowish red liquid. Its 
vapour is colourless, has a characteristic odour and metallic taste : it 
attacks the mucous membranes of the nose and eyes. In i^oist air the 
vapour yields a white cloud. 

The vajxjur pressures for different temperatures are as follow : 


Tcmpcrllurc C. 

PrcHsuro ram. 

« 

Teinpemturo ® C. 

HQHiimi 

0 

380 

,552-5 

43-5 

655-6 

40*3 

5>#4-5 

47 3 

757-5 

420 

634-2 




The mean va|)our\*ensity is I7f -5 (11 1), that calculated for the 

formula OsFg being 172. 

When heated in a platinunf tube, osmium octafluoride begins tq 
decompose dt 225® C., but the extent of accomposition only Ijecomci 
appreciable at about #400® C. • 

Organic substanVes arg violently attacked by osmium octafluoride,^] 
and the skin burnt. In aqueous solution the salt is colourless and 

* Tennant, Phil. Tran/., IS04, 94 , 411, • • 

* Moraht and Wischin, anorg. Chem,, 189.3, 3 , 153, 

* Ruff and Tsehirch, Ber., 1913, 46 , 9^9. ^ 
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parKally hydrolysed, tlje solution having the odour of thi tetroxide. 
In sodium hydrjjxidc s^dutton a yellowish red colour is t)btained, 
characteristic of ^rosmatfc. 

With alkali tflu(5rides double salts are produced, the compositions of 
which are as yet ujj^known. They are iess|easily reduced, however, 
than the free octafliioridc. Sodium hydroxife, decomposes them with 
evolution of ozone. 

Osmium Hexafluoride^ OsFg. — The pro]X)rtipn oi this fluoride in 
the mixture obtained by passage of fluorine over reduced osmium at 
250"^ C. is increased by reducing the rate 6f i)assage of the fluorine. 
The octafliioridc, feeing most volatile, passes farther along from tHe 
furnace, being collected in a cooled recMver. The hexafluoride con- 
denses irr the tube close by where it leaves the furnace. In order to 
completely fre^t feom octafliioridc it is gently warmed to 50° C. under 
a pressure of 2fMTmi.,when it sublimes and condenses on a cool part of 
the tube as a light green crystalline deposit. It has not been obtained 
in a perfectly pure condition as it proved to be extremely difficult to 
obtain entirely free from oxide. Its boiling-point is approximately 
202° to 205° C., whilst its melting-point lies between 50° and 120° C. 
The hitter constant could not be obtained accurately as the fluoride 
becomes black upon heating in contact with glass. Osmium hexa- 
fluoiide is dccomixiscd by water, yielding hydrofluoric acid and oxides 
of osmium. In caustic soda it gives a reddish yellow colour similar to 
that of the hexachlorosmates. 

OsmiumtTetrafluoride, OSF4, is obtained by passing fluorine over 
osmium at 280° C., the osmium having been reduced from the dioxide 
at red heat and rendered thereby less reactive. The small (juantities 
of the higher fluorides Simultaneously formed are removed by heating 
the tube, in which fluoripation has been effected, to 100° C. in an 
atmosphere of nitrogen under low pi assure. 

Tkc tet^fluoride has not been isolated in the pure state. It dissolves 
in water, and by adding hydrogc^i fluoride and neutralising with |x>tas- 
sium hydroxide, crystals are obtained u|)on concentration, consisting 
probably of Potassium Fluorosmat^ 


OSMIUM AND CHLORINE 

Osmium Dichloride, OsClj, was stated to result ^ when osmium is 
heated in cklorine, but it is very doubtful if it has ever been successfully 
obtained in' this way. 

In 1910, Ruff and Bomeipann* definitely proved that osmium 
dichloridc is capable of ej^istenee, for they prepared it by heating the 
trichloride to 500° C. under reduced pressure. 

Obtained in this manner, osmium dichloride is a dark brown powder, 
practically insoluble in watpr, but attacked by prolonged boiling with 
Water, yielding a pale yellow solution. Concentrated nifric acki and 
aqiia regia slowly attack it, giving osmiurn tetrpxide ; whilst concen- 
trated alkali solutions slowly attack it in the cold, yielding {tear but 
deep broNvn solutions. 

Unlike pli)jlimfm dich|oride, osmium dichloride does not yield chlor- 

^ Berzelius, 4 nn, Chim. Phw,, 18:b, 40, 261 ; Claiw, Aefi, Set, Petfograi, IWS/ 
6, I50t • • Buff «mdBorneiimim,2€««wk.«a<^.pA|jii.t 1910,^^ 



osmous adll, mmiu^jus lo cnior-piaimous acid, 

concentrated hydrochloric aci<L ' ^ 

Osmium TridUorrde, OsCl^^, is obtained ^ by iu^itini;^ osmium, ot) 
tailed by reduction of the dioxide in hydrogen, in chlorine at abou 
1050® C,, and cooling ,the vapour rapidly. It then contains som* 
admixed osmium tetracV >oride. 

A purer prcKluct i^ prepared by igniting ammonium chlorosmate 
(NH4)20 sC 4, in cWoi'ine at 350® C. Osmium trichloride, obtained bj 
the foregoing method, is a brownish black, crystalline powder, which ii 
hygroscopic and readily scluble in water, yielding a diirk brown solution 
iffhis solution is stable even when lioiled, although it possesses a slightly 
acid reaction. 

The trihydrate, OsClj.SH^O, is obtained* as follows: osmic acic 
on prolonged lK)iling with hydrochloric aeid and a little nlcoliol yields 
on eva|)omtion, red crystals of composition 0sri3l|Mitt4.7)r;;0, whicl: 
are attacked by moist air yielding an olive-green mass. On solution ir 
alcohol, and addition of potassium chloride, crystalr. of jx>fassiu!r 
chlorosmate, KgOsCl^, are obtained, the filtrate yielding, on eva)x>ra’ 
tion, dark green crystals of the hydrated trichloride, OsCIg.SlIgO, 
These, on heating in a eui^eiit of hydrogen, are Vedneed to osiiium, 
hydrogen chlori(h‘ and water vapour Ix^ing evolved. At the same time 
a minute trace of yellow sublimate is obtained, which I^loraht ami 
Wisehin suggest mav Ik? a higher chloride, possibly the ociitchloride^ 
OsCI«. 

Ile^achlorosmites, MgOsClc or M^OsClg.MCI 

Osmium trichloride yields a series of double sails knowm as a.vmo* 
chlorides or chlorosmites, iM^OsCl,,. Of these the most imjxirtant are 
t!.c potassium and ammonium salts. ‘ 

Potassium Chloromiite, KgOsClg.SlIj^C, is obtained as dark red 
crystals, along with tlie colourless crystals of potassium and ammonium 
chloride by addition of ammonia to a solution of osmim>i.tetroxide in 
a<pieoiis fx)tassium hydroxide, and subsequent saturation with hydrogen 
chloride. 

The crystals effloresce in air. They dissolve in wttcr to a red solu- 
tion w'h^h possesses an astringent tast^, but whic h becomes sweet and 
unpleasant upon standing. 

Tho crystals dissolve in alqohoi, but not in ether. Alkalies and 
alkali peroxides precipitate the hydrated sesquioxide from the aqucou$ 
solution. 

Ammonium Chlorosmite^ (NH4)90.sC1q . SIT^O, res ilts wheri hydrogeii 
chloride is passed into a solution of osmium tetroxidc in hydrochloric 
acid. The red liquid is eyaporated with ammonium chloride, when 
crystals of the same ^dour are ob^iued. 

Osmium Tstrudhloiidoy is obtained as a reddish browh 

sublimate when metallic osmium is h^ted in chlorine (Beraecl|ufl|i^^ 
between 050® and 700® C.* * t 

When resublimc^ in chlorine it condenses into a black mass of t}^: 
same com{k>sition. On \1:)latilisation it yields a yellow vanoilr. It ii: 
neither hygroscopic nor soluble in.the usual solvents save tne powerfi|l 

^ Ruff and Bomemaim, ZiU$eh. anorg. 1910, 6$, 429, 

> Hdtaht ai.d Wisehin, ZeiiM. anorg* Qhtm*, 1893. li3« 



oxidfeing acids. Water has no action upon it unless the rtvo are left 
ip contact for a prolonged period, when hydrolysis gradualljF sets in, 
hydrochloric acid find osmilim dioxide resulting.| 

Ileimchlorosmaies, IV^OsClg 

Osmium tetrachloride yields a series of| double salts known as 
osmichlorides or chlnrosmates, M-OsClg. Of these th(;p(ft.assium, sodium, 
and ammonium salts arc best known. 

PotaMium Chlorosmate* KnOsCl^, is obtained by prolonged boiling 
of osinic acid with hydrochloric acid, and i^bsequcnt cvajwation of 
the solution with ^tassium chloride. Dark brown crystals of th^ 
chlorosmate separate out, leaving osmiunf trichloride in solution. 

Potassium chlorosmate may also be obtained by heating the finely 
divided metal with potassium chloride in chlorine,^ by double dccomi)osi- 
tion of the sodium salt with potassium chloride, * or by the action of 
hydrochloric acid on potassium osmyl oxynitrite.® It is soluble in 
water, yielding a yellow solution from which alcohol precipitates it as 
a red crystalline powder. The crystals are deep red octahedra, iso- 
inorphous with the corres[X)nding palladium, iridium, and platinum 
analogues. • 

When ignited, the dry salt yields a residue of metallic osmium and 
potassium chloride. 

Tlie solution decomposes on warming, the tetroxidc being produced 
and a black powder deposited. 

From the^*olution alkalies and ammonia precipitate the hydrated 
dioxide, whilst excess of ammonia yields osmium diamminc hydroxide. 
Ferrous sulphate and alkali formates reduce the salt, liberating metallic 
osmium. • 

Sodium Chlorotiiiate9Na20sCv2H30,may be obtained in a similar 
manner to the potassium salt. Rosenheim and Sasserath * described a 
new i»ethod, according to which sodium osmisulphite is gradually 
heated up ih a /current of dry hydrogen chloride. The mass becomes 
black at first, then froths up in consequence of the escape of sulphur 
dioxide ; finally a reddish brown produt I remains behind, which in air 
immediately becomes, brick-red. It \lissolvCs in a small quantity of 
water to a green solution ^ whiCh on concentration over sulplltiric acid 
yields long orange-coloured prisms. When boiled with a concentrated 
solution of sodium hydrogdn sulphite, sodium chlorosmate yi^ds the 
osmisulphite,® Naj,Os( 803)3.81120. ^ * 

Ammonium Oilofdtmate» (NH4)aOsCl3, ^is prepared by double 
decompositioTi of 'the sodium salt with ammonium chloride. * Upon 
recrystallisation, brown octahedra are obtained. 

Methyl and ethyl ammonium chlorosmates have been prepared.® 

Silvtf ChlorotmatOf AgiOsCl^, vesults" as r ' otccii precipitate on 
adding wlver .nitrate solution to one of sodium or potassium chlorosmate.* 

The chlorosmates of Rubidium and Cmmm have also tieen prepared. « 
They are soluble in cold water, but the solutions decofnpose •upon 

» Bcraelim, Chim, Phw,, 1829, 40, 259, 275. '' ^ 

• Seuberi, Amakn^ 1891, aoi, 258 ; Rosenhsim andJSasaerath, ZeUsch^norn. Chern,, 

1899, 21,122. ^ ^ ^ 

* Wintrebert, Ann^him, 1903, a 8 ) 15^ 

^ The green crlour is probably due to traces of osmium' trichlorida. 

• Rosenheim, ZeiUtK, anorg, CAcm., 1900, 24, 420. 

* Qutbicr and^Maiseb, B&r^ 1909, 42 , 42o9. 



exposure air, depositing a black ;n:>wder. The salts rcaany atssoiyn? 
in hydrochloric acid. • 

Organic Chloronnates are described bypiitbicr ^nd his co>workcr/.^ 

Sodium Osmium HcxachloridetNaQOsOjjorOsCIg.ONACl, has beeii 

prepared by Roscnhei|t i lind Sasscrath ® by passing dry hydrogeif 
chloride over sodium osinisulphite, gently warming the while. A black 
reaction product's obtained, which is dissolved in a small quantity of 
water and recrystalliscd over sulphuric acjid. Bright, ooj)j>ery leaflctii 
are obtained consisting of sodium osmium hexachloride, contaminated 
4with a small quantity of sulphite. Addition of j>otassium chloride to 
the solution of the salt doe5v.not yield the corrcsj)Oii(ling [lotassium salt, 
but potassium chlorosmate ; neither could the potassium or ammonium 
salt be obtained by the direct method. 

Otmiuin Octachloride, OsClg, appears to be formed in small quantity 
when chlorine is allowed to act upon heated osniiuin ® ; as also when 
hydrated osmium trichloride, OsCla.niTjO, is heated in a current of 
hydrogen. In this latter ease, what is believed to be the octaehloride 
is fonned in minute quantities as a yellow subliinatc.* 


OSMIUM AND BROMINE . 

Bromides of Osmium. — Osmium is not affccited by exposure to 
bromine vapour even under the influence of heat. Ry warming osniic 
acid, IIjOsO^, with hydrobromic acid in the presene^: of alcohol (to 
prevent oxidation to the volatile tetroxide), a brown solution wiis 
obtained by Moraht and Wisehin.^ This wj^s concentrated in vacm 
#ver sulphuric acid and potassium ^lydroxide. the latter to absorb the 
hydrobromic acid, and upon recrystallisation dark reddish brown 
hygroscopic needles were obtained. Tlicsc were readily soluble in 
water and alcohol, from which they could h(f rcervstalHsv d uiuihanged, 
in the cold. The results of analy^sis agreed well y ith* the formula 
OsgBrg.OHgO, indicating, probably, a mixture of tiie tri- or tetra-«i 
bromide with some higher liPbrnule. Concentration of the solution on 
the w^cr-bath results ih the formation of an itpjhromide of unknown 
constitution. * * . 0 

Potassium Bromosmate, obtained by double deeoiin^sia^, 

tion of the sodium salt with jKitassiiim Bromide,* as a brownish black 
crystalline powder of ^pi^ery hue. From dilute solution oetalicdralj 
crystals arc obtainable. They arc brownish blacl^ in colour, o|>aque,. 
and metallic in appearance.® The salt is diflieultly solifble ia water.* 
Sodium Bromosmate, Na^OsBi^^. 411^0, may be prepared h% 
the action of dn’ hvdrogen bromide on sodium osmisulphite, : 
3Na20.0s03.4S0,^*«,d ( see p.*280), or better by dceomfK>sition of^ 
the same with aqueous hydro^n bromide, of density 1*4^.^ A deep^ 
purple-re^ solution is obtained from which long, -dark brown prismit*^^ 
crystallise out, possessed of a metallic appearance. 

* • j * 

1 Qutbier and hi9*oo^wotk»n, ZeUfch, anorg, Chem., lOU, 89, S33; Ber*, l&.t, 41^3 
308. * * Roiienlfeim ana 6a««erath, ZeiUch. anorg. Chem.t 1809, 2X, 122. ^ 

* daus, BuU. Acad, Sci. P^trograd, 1863, 6, liiO. 

^ MdlPaht and Wisebin, ZeiUeh. hnorg, Chem,, 1803, 3, 153.^ 

> Rosenheim^ ibid,, 1900, 24, 420. dTStallografbV data art' given. See also 8 ac£i« ; 
ZeUach. Kryst,, 1001, 34, 162. 



Apunomum Bromosmite, (NR4).^OsBr., is prepared ii# the same 
manflcr as the potassium sall^ On crystallisation from dilute solution 
Mtalicdral and t«(trahcdra^ forms are obtained* Methyl and ethyl 
ammonium bromosgiates have been prepared.* ^ • 

Silver Bronfbsmate, AgjOsBr,, results as a flocculent, indigo preci- 
pitate by addition of eilver nitrate solution* tofcne of the sodium salt.* 
Organic Bremosmates have been prepared^ 


OSMIUM AND IODINE 


Osmium Hydrioaide^ OsIj.2Hr, is stated by Alvarez* to result as 
an emerald-green substance by the interaction of hydrochloric acid, 
potassium iodide, and osmium tetroxide : ’ 


OSO 4 -t- lOlICl -t- roKI =: Osl. 4.2111 + 4 HjO + lOKCl + 81,. 


It IS soluble in water, readily reducing acidulated permanganate 
and chromate solutions. It is bleached in contact with oxidising acids, 
but is very stable in concentrated solutions of salts, with which it forms 
iodosmkes. The green colour of the iodide is of such intensity that its 
formation serves as a delicate colorimetric test for the presence of 
osmium. The test is carried out as follows ; 

The solution supposedly containing osmium tetroxide is treated 
with a saturated solution of calcium chloride, a little potassium iodide 
and phosphom«acid, and the colour noted. 

Osmium 1etni«iodid«, OSI4, was obtained by Moraht and Wischin * 
by heating on the water-bath osmic acid, H,OsO„ and a concentrated 
acjucous solution of hydrogen iodide. The osmic acid slowly dissolve^ 
yielding a deep brown solution, which is stable in the cold. Concentra- 
tion in VMuo over sulphuric acid and caustic potash (to absorb the 
hydrog^ iodide), and subsetiucnt recrystallisation, yields rhombohedral 
crystals viold-bl^ck in colour, anjJ of metallic appearance. They are 
.hygrosconic, readily soluble in alcohol and water, yielding a reddish 
brown solution stable in the cold, but ous that readily deoomposes on 
farming with precipitation of h dark dtiy-iodide. 

, Potatrium lodotmate, KsOs*«. *s readily prepared* bv freating 

K OfcAium osmyl oxynitrite \rith a fairly concentrated solutten of 
. driodic acid : * * 


K,(OsO,)(NO,), + 8111 = KsOsI* 4- 1, -)i 2HNO, + 8H,0. 

i ..The ijpactifen is^•igorous, nitrous fumes being disengaged, as also 
iodine vapour. On filtering the brownish violet solution and allowing 
TO stand, crystals of potassiOm iodosmate separate out as dark violet 
^hedra. The Mlt is not very soluble iri watsft but more so than 
the brom- and chlor-osmates, and the solution r&pidly decomposes 
ilthough the presence of a little firee hydfiodic acid renders it stable It 
^ heated to 200» C. in hydrogen without' loss in weight, bA in 
,|he neighbourhood of 800* C. hydrogen iodide is evolved. 

“ Bownhcini and Saaaerath, ttUi^'anort. Ckem., 1899, si, lift. 

• Wintiebart, Ann. CUm, Phy*., 1908, s8, 16. 

I ?.“*’*^* ^ Ms co-workett, Ztittch. Onury. Ckm., 1914, So, 813.* 

« Alvads. Otm. 178. . * 

* Monkt and MUkUii, ZtOiti. unAry. Citm., 1898, 3 , 168< 



Amin^hiiim Iodotiiiiile> (NH4)gO$l4« prepared in a similar manner 
to the potassium salt crystallises in bluish blaek octahedra. 

OSMIUM AND OXYGEN ^ 

Osmium Monoxide/ ^sO, results as a greyish black powder when a 
mixture of the si\lphitei OSSO3, and sodium carbonate is heated in a 
current of carbon dioxide.® It is insoluble in acids. 

Osmium I>Qiydroxide» Hydrated OsnJum Monoxide, Os(OII)g^ is 
nrepared as an unstable, bluish black precipitate on warming osmium 
Sulphite with a concentrated solution of potitssium h3'droxidc.‘* 

Osmium Sesquioxide, OsgOg, is ohtained by heat iiijuf salts of tri valent 
osmium with sodium carbonate in a current of carbon dioxide. It alsc 
results when an excc.ss of osmium tetroxide is reduced by heating with 
finely divided osmium.® 

The sesquioxidc is a dark powder, insoluble in acids. It is ()l)tainc<j 
in the hydrated condition, OsAOj.a'lI/). as a reddish brown precipitate 
on addinfj an alkali to an aqueous solution of an osmochloride.® 

Osmium Dioxide, OSO2. results when salts of tetravalent osmium 
are heated with scKlium carbc:mte in a current of carbon dioxide, and 
by heatinjy (ineh^ divided osmium in the va|)our of osmium tetroxide.^ 

• Osmium dioxide may also be obtained in the anhydrotis conditior 
by ijjnition of [xitassium osmiamate, OsNO^K, in vacuo at 850® 
or by heating the hydrate, 0s0j.2ll20, to a little below 200® C. in er 
inert gas such as nitrogen ot carbon dioxide. Obtained in this mannei 
its density * is 7-71. Further heating to 400® C. chahges the colqu) 
progressively from tiluish black, the colour of the di hydrate, to brown 
and slight ly increases the density. At about 400® (\ the dioxide begini 
to dccom[M)sc into osmium and its tetroxide according to the equation 

2OSO2 Os 'f OsOi, 

but by heating the dioxide in the va|K)ur of tetroxide th! i^iecornpositioi 
is retarded until a temperature of about 050® C. is arrived at. Th 
dioxide then has a densitj^^of 7-91, and consists of copper- colours 
‘ crystals of octahedral and hcyuhcdral forms.^ They arc insoluble ii 
acids, 4)ut arc readily reduced by hydrogen. 

Paf/raphoric Osmium DioxMe . — The oxide prepared by reduction c 
alkali osmates with alcohol or by hydrolysis of ammonium chlorosmat^ 
is not pure, but contains small quantities of organic substances 0 
alkalies. When dry it is liable to ignite upon exposure to air, and evei 
to detonate if warmed * to 800® C. directly it meets the air. 

Hydrated Oimium Dioxide exists in two stages of hydraiion. Thi 
dihydraie, 0s02.2Hg0, is. obtained by the reduction of alkali osmat# 
with alcohol : # ■ . 

KgOsOi + 2HgO + CgHgOH - 0s0,.2H20 + 2KOH + CHa-CHO,. 

It also remits upon hydrolysmg an alkali chlorosioate, thus : 

KgOsC;. + 4HgO OsOg.2lIgO -f 2KCI + 4HC1. 

» Winirebert, hi. 

* Ciatt 0 and Jacoby, J. TpraH, CAm., 1883, 90 , 65 ; Btdl. Acad. 8ci. Pflrograd, IS 6 I 

6 , 145. \ • 

* DeviUoaiid Debmy, Oomph rettd., 1876, 82 , lOJ?. 

* Rufi and Ratbabu^, Ber,, 1917, 484. 

* Joly, 1891, tts, 1441. 



MOTEfc, AN25 EtEMEim OFl^ATf]^ 

Tlio oxide is thrown out in colloidal form, but addition of Weetrolytes 
to iff neutral sointior) effects; its precipitation. The method# may be 
Airied by hcatinfr||7otassiu|i chlorosmate with j^rc sodium liydroxfde 
in solution in tlie absence of air, on the water-bath. • 

When dried •vef sulphuric acid it has the comiX)sition 0802.21120. 
•It ^midually oxidiscs«in air, yielding the tctAxidc. When heated to 
120'' C. in an iruTt gas it loses a molecule of wff er, being converted irdo 
the monohf/drnle, OsO. . 1 1 ^O. • ' 

Colloidal Osmium Dios^de. -It lias already been mentioned that 
osmium dioxide, obtained either by reduetioiuof an alkali osmate with 
aleoliol or by hydrolysis of an alkali ehlorosnuite, is precipitated in th^ 
colloidal form. 

A more p(‘rnjancnt colloidal solution is obtained in the presence of 
a protective colloid. It may be prepared, for example,' by impregna- 
tion of lanolin witli a solution of potassium osmate, and subse(]uent 
reduction with hydrazine hydrate. The lanolin serves as the |>roteetive 
colloid. The product is dissolved in light pelroieum and may be 
precipitated by addition of alcohol. By heating (he precipitate to 
50'' C. in hydrogen, reduction to colloidal metallic osmium takes place. 

Osi^ic Acid, IlaO.sO.j, does not appciy to have been prepared. The 
black compound obtained by acting upon potassium osmate with dilute 
nitric acid was believed by Moraht and Wisehin ^ to be correctly repre-, 
sen ted by the formula li.D.OsO., or ILOsO^, but this has not been 
confirmed by the more recent researches of Ruff and Rornemann,® who 
regard the product as the hydrated dioxide. Further research is 
necessary to elK^idate this point. 

Potassium Osmate, K 2 ()s() 4 . 2 lT 20 , results when a solution of the 
' tetroxid(‘ in mpieous potassium hydroxide is reduced with alcohol.'* 
The solution aecjuires a red colour 4rom which the salt separates. Oii ‘ 
.slow recrystalli.sation, garnot-red to black octahedral are obtained, 
permanent in dry air, but deeomiK)sing in moist air as also in solution, 

; yielding*>the tetroxide and lower oxides. 

] Potassium osmate may be obtained in a pure state by fusing osmium 
/Nvith potassium nitrate and liydroxide, (bssolving the" rnelf in water, 
and precipitating with alcohol. • The ]V)tassium osmate thus obtained 
i has a grcyi.sh violet oblour, and is not cpiite pure. It is therefore 
:;hoattjjl to 120*' C. with a mixture of s«ijlphurie acid and chromium 
ftrioxult', whereby osmium tetroxide is produced. 'J'his volatilis(‘.s and 
is eolh'cted in 10 per cent. potasJi solution, from which it is obtained 
in a pure, crystalline form on addition of alcohol.^ 

The solutuin of *^he ])ure salt is not as unstable as was originally 
believed by earlier investigators,® since it may be kept in the cold 
[ exposed to sunlight for many days without serious dccom}H)sition.2 On 
farming, dccomj)ositi’on is accelerated, and the odour of osmium 
tetroxi(ie becomes pronounced,® ‘ v 

At 200^ C, ttie crystals become anhydrous in an inert atmosphere, 

Osmates of Sodiita and Baaium have also been prepared.' 

‘ Amborgor, Kolloyi. Zeiisch., 1015, 17 , 47. 

■ Moraht and Wisehin, ZeiUch. amrg, Chem,, 1893, 3 , 153. 

* Buff and Bornemann, Zeitsch. anorg. Chm,^ 1910, 65 , "429. 

• Fr^my, Ann. Chim. Phyn., 1855, 44 , 391. 

» 01au.s, Bull. Acad. Pcirogmd, 1M5, 3 , 3^6 ; Wdhler, Annnhn, 1866, 140 , iJ.'SO. 
f « W. Kiohlrr, RidH. Roc. Natur.*MMtviu^ j 162; Fr^my, Ann. Chim. Phvi*., 

^844. [in], 12 , 510, . ^ 9 , 



Osmiugi Tetroxide* OSO 4 , froqiuMitly but incomx*tly known njS' 
osniic adiK is the hifrhest oxide of osiniiini kpown, and is fonneci in H 
variety bf ways. Firely divic^ed Jiielalli(‘ osiniinn slowly oxidises 
ai^ to the tetroxide, Ind more ra|)idly oniieatin»r iii air or, better, in 
oxy^cn.^ At lii"h temperatures the eoinpaet nielal yields vapours of 
the volatile tetroxide, ayd this affords a useful nu ans of cpiantitatively. 
separatin*' osmium fromjits iridium alloy (p. .‘IHS). 

The tetroxidt also formed by oxidation of tlu‘ lower oxides with 
nitrie acid. The metal itself, if it has not been ))reviously i^nitt‘d, may 
also be oxidised with nitrie aeid to the tdroxide. When jairilitd by 
sublimation, osmium tetroxide is obtained as transparent u((‘dles,- 
which soften at the teinp(‘rature of tiu* Iiaiid and melt at ’ ' C\** d’hey 
slowly dissolve* in wati r t j a colourless solution, whieli is nstd in nii(To- 
se()})ic work for staininjf p.ur[M)ses, the oxide beiiiji^ reiln(*e<l to the 
metal. The solution possesses a hiirnimr taste, hut does not redden 
litmus. It is, liowt ver, coloured yellow, bn^vn, jjreen, and, (inally, 
in(li;.Co blue by suljiliur dioxide. The crystals also ilissolve in alcohol 
and ill ether. 

The tetr(»xide readily sublimes on hcafinjr. When fused it boils at 
100 '^ C., yiehlin;,^ a vapour <»f density 8 89 (air 1 )^ or 1‘28 (II : 1 ), 

tlie theoretical reciuirenieiit for the formula OsC)^ bi in^^ 1*27-5 (U • 1 ). 
The vapour is very ])eiietralinj' and exeeeclinj^dy poisonous, prodiieint( 
temponiry blindness and other alarming symptoms. If inh.-ded, the 
best antidote appears to be liydrojL^en sulphide, whieli neulialises the 
action of the tetroxiih' on tlie respiratory orj^ans.-'* 

The vapour pressures of osmium tetroxide at various tcmpci-aLuics 
are as follow ^ : 

'remperaturc ® C. . t»5 115 125 185 

Pres.sure, mni. . 275 ]S2 (>10-4 779 


Mild reducing' a^/ents such as alcohol convert the tetroxide into 
lower oxides of osmium. When tlirown on to redd: 4 ehaveoal it 
dellaj,n‘ates. Its vapour, wlien passivl over j^lowin^i cupper lurnin^s, is^ 
reduced, metallic osiuium beiij^ deposited on tlie copper. It a euiTeiit 
of hydroi^en jjas is simultaneously passed throu^di, l!ie eojiper oxide is 
redueeeWs rapidly as formed, and the ylleration 1:1 wei^dit of the copper 
is duc.entirely to the dopo.sit af metallic osmium. This affords ;j,enn- 
veniewt. method of quantitatively estimating osmium with very con- 
siderable accuracy." 

Osmium tetroxide tatalytically assists the oxidation of certain * 
oxidisablc substances. For example.® a mixture of 15 grains of arsenic 
with 10 grams of potassium clilorate in 50 e.e. of walcT remains unaltered 
even after addition of a .few drops of d'lute suljdiurie aeid. U[)on* 
introducing a trace pf osmium tctpxide (c. 0-015 gram) in solution, tlie 
temperature inimcibately rises, the arsenic being rajiidly oxidised to 


* Bentclius, Ann, Chim. VhyA. 1829, 40 , 281. 

*JWallet, ^mer. J. 8 ri., 1800, 29 , 40. 

* Ruflf and Tschirch^ Utr., 1913, 46 , 029; Svanberg {Jahn-iba., lJ-17, 26 , 181) gave 

“ C, * 

* De\’ilUand Dcbray, AntfChim, Phyn., 1859, 56 , 385, 

* Claus, Bull. Acad. Sci. P^trograd, 1 848, 6, 280. 

* Uuil and Tschircb, Her., 1913,,46, 929. 

' Kr6rny, Ann. Chim. Phys., 1855, 44 , 391. 

* K. A. Hofmann, Her., 1912, 45 , 33^. 



atscwic acid. Hydrazine sulphate may be oxidised in a similar manner, 
the reaction procecdiiif,^ Quantitatively and admitting of exact mcasure- 
Rjent hy collection of the liberated nitrogen.^ This activity is aftribut^d 
lo the formation ot an adentive com|)ound bet\\l?en osmium tetroxjfle 
and the chlorate^ the complex thus formed acting as the oxidiscr. That 
Jt is caused by the fonpation of a higher oxiic osjnium seems unlikely, 
since osmium tetroxide docs not take up oxygen from solutions of 
chlorat(*s. Furthermore, a purely catalytic decomjxjsitidn of the chlorate 
seems improbable, since osmium tetroxide docs not appreciably influence 
the rate of decomposition of^cither the solid chlorate or its solutions. 

On the other hand, osmium tetroxide may be used to catalyticall)^ 
assist the reduction or hydrogenation of umaturated oils like linseed or 
cotton-seed oils.^ The oil is mixed with a small quantity of the tetroxide, 
hydrog(m passed through, and the whole warmed, just as when nickel 
or its oxides is used as catalyst (see p. 95). The osmium can be 
re(^ov(‘red, by treatment with charcoal, in the form of its dioxide, a 
colloidal solution of which is frequently formed in the oil by the reduc- 
tion of the tetroxide during the process. 

A(pieous solutions of osmium tkroxide are readily reduced by the 
introduction of practically any metal except those known as the precious 
metals.^ Thus zinc, silver, mercury, itc., effect the precipitation of 
metaHi(t osmium from acidulated solutions in a very pure form. In the 
last-mimcd case an amalgam is produced from which the osmium is 
obtained by distilling off the mercury. Ferrous sulphate and stannous 
chloride^ also reduce the tetroxide solutions, but hydrogen,® sulphur 
and selenium ^Mippear to have no action under ordinary conditions. 
Sulphur dioxiclc reduces the solution to osmium sulphite, whilst potas- 
siuni iodide reduces it to dioxide with liberation of iodine — a reaction 
that may be utilised in thf; volumetric determination of osmium.^ 

The acidic properties of osmium tetroxide arc illustrated by the 
formation of definite eonqKainds with the alkali hydroxides. These 
arc cryi^alline, orange or brown in colour, and readily soluble in water, 
yielding stroi^gly. hydrolysed solutions. Of these the following deriva- 
jbives have been obtained®: OsOj.liKOIJ, OsO.|.RbOII, OsOj.CsOII, 
and ‘iOsO^.CsOII. . ^ 

Osmium tetroxide docs not liberate iodine Yrom neutral soli^ions of 
|X)tassium iodide.® 

OSMYL DERIVATIVES 

, Salts containing the group OsOg in the aekl radicle are known as 
omyl derivaiivriit uud have the general formula : 

. . M,(0s02)X„ 

* Further oxaniplce are diacusaed by K. A. Hofmann, Erfi^rt, and Schneider, /?er., 

1913, 46, 1057. ‘ 

• F. Leb«nann,.lrrA. Pharm.t 1913, 251 , 152; Norman and Sehick, iW.. 1914, 2 S 2 . 

m. ^ V 

> Tcimant, PhiL Tram*., 1804, ^4, 411; Fischer, Pogg. Annalen, 12, U99; 
Borkidius, .dnn. Chim. Phjs., 182il, 40, 261. 

* Uoae, TraiU*Mhimic analgtiqut, 1869, 1 , 220. 

^ PldiUpgi, Zeitsch. anorg. Chem., 1894, 6, 231; 

• Fischer, he, eU, 

’ See p. 338. 4 

* Taohugaov, Cqfnpi, rend,^ 1948, 167, 162. 

• Oriofi, Chem, Zth, 1907, 31, 1063. 
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where M stands for a monovalent metal and X for a monovaleht 
acid radicle. These substances have b^n carefully studied by 
\Vintrcli?Tt.* 

Of the various oumyl derivatives the potassium salts may bo 
rofiardcd a.s the most important, since from them it eavsy to j^repate 
the corrcs|K)ndinj» salt.^ of silver, barium, etc., by simple double; 
decom|x>sition. i' 

The |)otassium salts may be obtained by the aeiiou of a suitable 
reducing agent u|x>n osmium tetroxide in the ])resence of a simple 
|X)tassium salt or its hydroxide. Thus, for examph\ potassium (^smyl 
^nitrite results when the tetroxide is reduced by nitric oxide in the 
presence of potassium nitrite solution : 


OsO j -I 2N() 4 2KNO. r K,(0 s0.){N05>)4. 

On the other hand, tlie eorres[)onding oxalate may be jm>duet*d by 
treating a solution of the tetroxide in potassium liyilroxide with excess 
of oxalic acid. Thus : 


OsO, 4- 2KOII 4 SHgC-P, - K,(OsO,)(C 204)2 ‘2( 0, j ill,0. 

Similarly, the action hydrochloric acid on the te!roxid(‘ in the 
presence of jxitassiurn chloride solution leads to the format K>n of 
|X)tassium osmyl chloride : 

OSO4 + 411(1 4 2KCI == K,(OsO,)( I., 4* Cl, H ‘211,0. 

In this case the hydrochloric acid itself acts as the r ducing agenU 
free ciilorinc being liberated. 

It is interesting to note, in passing, that a similar reaction applied 
to ruthenium tetroxide led Howe (sec p. 143^ to discover tlu* oxychlor* 
ruthenates of ciesium and rubidium. 

Osmyl sulphites readily lend themse'v<s to ]>repanition in this 
manner. Rosenheim and Sassonith^ first prepared sodium osmyl 
sulphite by ])assing sulphur dioxide through a solid 1 4J of osmium 
tetroxide in caustic soda. 

Now in tlic foregiang rca^jjions the osmium is us(*(l in the form of 
its tetroxide, in which its valency is 8. The first action is that of the 
reducit^ agent, which lowers its velency to :>ix. Then conies the 
formation of the osmyl derivJitive. For example, the j)ri jmral ipti of 
potas!^ium osmyl oxalate takes place in two stages, namely, (1) the 
reduction of OsOi to OsO,. which, in the prpscncc of the })ola.ssiiim 
hydroxide, yields potas>iium osmate, KjOsf)^ ; and (‘2) ’uteraetion of> 
the last named with 2 molecules of oxalic acid to fevm the osmyl) 
derivative. These stages may be expressed as follows : 

(1) OSO4 -f H,C,04 + 2K0H - K,0 s04 . -P 211,0 

(2) K,OsO/ f 2H,C,04 =? K, (OsO., )(C, 04)2 f ‘‘211,0. 

By starting, therefore, with (lotassiuin osmate, in which the osmium 
is alread/' in the hexavalent conditioif, the osnfy* derivatives nitiy) 
usually be prepared with greater case, the reactior'. pit'ye^jding according ■ 
to equation (2) ar^vc, 0^, in general, as follows : • ' 

KjOsOi + 4HX ^ K,(OsO,}X4 + 2II,0. 

' Wintrebert, Ann. Chim. 1003, 15. • 

* Roseahein and Sasscr&tbf^iYtfcA. anwg. Chem., IbOO. 21, 122. 
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Osmyl flcrivativcs may chan|rc their acid radicles in c<y)tact with 
free ncids in the same maimer as ordinary salts. For example, just as 
i^'droclilorie acid ^lecompojcs* potassium nitrite with thc^forifuition*of 
potassium chloride ; 

•KNO, + llCl - KCl + IINO 2 , 

*so potassium osmyl nitrite, in the same wayj yields potassium osmyl 
chloride. Thus : 

Ka(0s02)(N02)4 f 4HCI - K2(0s02)Cl4 -f 4 IINO 2.1 

Interchange of the negative radicles can*also take place betweei^ 
osmyl and neutral ^salts. Thus the addition of neutral potassium 
oxalate to a concentrated solution of potassium osmyl chloride yields a 
precipitate of potassium osmyl oxalate : 

K2(0s02)Cl4 i- 2K2C2O4 - K%(()sO.,)(C/)4)2 + 4 KC 1 . 

Potassium nitrite, und(‘r similar conditions, causes crystals of 
potassium osmyl nitrite to fonn. 

Osmyl derivatives are not stable in neutral aciucous solution, 
althou|^di a small epumtity of acid snihees to prevent decomposition. 
Tlie neutral water decomposes them with the forimilion of a black 
precipitate of what has usually been described as osmic acid (see p. 220). 
Thus, in the case of the chloride : 

K2(0s02)Cl4 + 2ll.p v^lLOsO^ + 2Kri 2HC1. 

Tlie reaction, however, does not continue to completion, since tiui 
free hydrochloric acid formed during the initial singes prescTves the 
remainder from decomposj,lion. 

With acpieous potassium hydroxide solution, potassium osmato 
results. Thus : » 

, I IKOH - K.OsO^ 1 IKX 1 211/). 

Iloiling with an excess of hydrbchlorie acid results in the complete 
*(lisplacement of oxygen by chlorine, a ehh rosmate or osmicMoride being 
formed : 

K2(0s 02)X4 + 81IC1 =- K/)s( le t! 4IIX -b CI 2 211^ 

Addition of ammonia to an acpieous solution of an osmyl salt Causes 
the formation of an amminc derivative. Thus*^ ; 

K/OsOa^X^ + 4NH, - (0s02)(NIl3)4X2 + 2KX. 

Of the numerous osmyl derivatives that have been prepared, perhaps 
ihe most interesting a^’unportant is : 

Pota$8ium Osmyr Cliloride, Kj.( 0 s 0 . 2 )Cl 4 .— Tips salt is readily pre- 
pared ^ by the action of hydrochloric acid upor. iiotassium osmyl 
nitrite, or upon the oxy-osmyl sidt,* K.>(0s02)0(N02)2. Thus : 

K2(0s02)0(N02)a + ilici = K/OsOJCI^ + 2 IINO 2 + II 2 O. " 

^ In the i^hovo oases, of course, the nitrous acid decom|>o.ics, yielding osides of nitrogen 
but for tho sake of clearness this is not represented iu the equations. 

* See thb Series, Voh;fuo X. 

> Wintrobert, ilr.ii. Chim* PAy*., 1903, 38, 15. 

« See p. 228. 
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If a vcrf sli^'ht excess of acid is taken, the reaction is quantiti^ivc. 
The actioy must not be allowed to proiM'cJ too»e?ier<Tetieally, otherwise. 
Mic^chlorosmate is formed {vide supra). 

Vdie salt is also obtained by actinir on potassiinn psuiatc with liydro- 
chloric acid. At first there is jweeipitated a biaelc jV^wder, usually 
recanted as osinie acid (bill ree p. 220). This dissolves entirely in e.veess 
of tlie acid on warniinjir, yibldin^j the osinyl ehloriile. Thus : 

k AsO, j 2IICI - -JlvCI { ir.OsOj. 

ILOsOi V f 1 ~ K.(()s(),)Vl, 1 211 ,0. 

Althoiiirh the neutral a(]ueous solution is not v(r\ stable, tin* 
contrary is true in the presence of a small quantity ot acid. 

Cooiint; of a coneentraliHl, warm solution yields the anhydrous sail, 
whilst slow cooling eaus(*s the dihijdraie, K2(()sC)o)('1^.2lId), to erys* 
tallise out as red octahedra. The last named rapidly lose their wati r 
(Ui warininii in a current of hvdroiren iias. 

In the anhydrous condition potassium osmyl chloride also eryslallises 
in red octahedra, whicli are rcailily stihible in water. From the solution 
a black pn eipitate fif osmic acid separates as e.xplaincd above. Whi n 
heated in a current of hvihoiicn the salt is dccompiiscd at 20')^ 
metallic (»smium l)cinii obtained. 

Ammonium OsmylChloride,(NlI.i).dI^fI>-Fl ,.obtained‘ liy the act ion 
of hydrochloric acid upon ammonium osmyl oxy-nilrite, yii Ids red 
crystals isomorjihous with the corresponding potassium salt, ihan 
which, hosvcvcr, they arc rather less soluble in water. 

Potassium Osmyl Bromide, K2(Os()2)lIr|.2lFO. has la i n obtaini il 
in the hydrated condition only, and is isomorphous with the correspond- 
inii nydrated<;hloride.^ Ammonium Osmyl Bromide, (Nil j)20s()2. Dr^, 
lufc likewise been jircpared, but no lodo Derivatives have as yet been 
isolated.' > 

Potassium Osmyl Nitrite, results vle n osmium 

tetroxide is reduced with nitric oxide in the pri sence of potassium 
nitrite ' : 

OsO, -h 2N() + 2*iNO, : K,(()dF)fNUo),. 

It also be prcfiarcd by coolinii a warm si lutiou of potassium 
osmyl chloride, containing' a Iraite of acid, after additimi of potas ‘ptn 
nitrite i^> the requisite quantity. Thus : 

K.,(Os()2)Cl4 + ilvNO^ K,(<>s(K)(Nd)2)., h 4KC'l. 

The crystals of potassium osmyl nitrite obtained by c-olin ; of the 
Avarm, concentrated solution readily decompose; even in closed tubes, 
if ex]>osed to sunli;'ln, tlic decomposiifon is rui.i needles ol osmium 
tetroxide and brown njy ous fumes ^ppearin^ : 

Kj(OsO*)( NO,)j -.OsO, -I iiNO -f L'KNO,. 

Tin* crystals are decomposed by water, but osmic acid is not pie 
cipitated owdiig to oxulation of the osmium to tetroxide by the nitrous 
acid. With ^ excess * of |x^ssiuiii hydroxide potassium osiyatc is 
formed ; . 

K2(0s02)(N02)4 + 4KOI1 -/K 2OSO4 UvNO^ H 

‘ Wintn bert, Ann, Chihf. Phys., y03, 28, 15. 
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Jf, however, potassium hydroxide is added, little by« little, tc 
^sohitiou of the osmyl •nitrite in the proportion of two molecules 
hydroxide to ontf of nitrile, a new salt, namely, yotasskim osmyl f>. 
nitrile, is obtainedj Thus : ^ • 

K,(()s(),)(N(L), f 2KOII - K,(0 s 02)0(N02), t 2KNO, | 11,0. 

Annnonia reacts with an aqueous solution of^osmyl nitrite to gi 
an ainmino derivative,^ 0s0,(NII.,)4(N02)3. 

Sc^veral Osmyl Oxalatei^ have been prepared and described, ^ notal 
those o[ potassium, sodium, ammonium, silver, barium, and strontium. 


OSMYL OXY DERIVATIVES 

Osmyl oxy derivatives differ from osmyl salts in that they eontii 
an jidditiomd atom of oxygen, but have two monovalent lu'gati 
radicles the fewer. The general formula for these substances is thus 

M,{OsO,)X.,, 

where M and X have the same signilicance as hitherio (see p. 22B). 

Osmyl oxy salts have been made the subject of careful study 1 

>>'intrebert.2 'riiey can frecpiently be ])rcpared by the action of - 

oxidisable salt upon osmium tetroxidc. Thus, potassium nitrite reac 

with the tetroxidc as follows : 

< 

' OSO4 d BKNOg - K,(OsO,)(NO .,)2 I- KNO,. 

Potassiiuii oxalate tVeacts in a similar manner, but more sU)\yl 
Nvhilst ammonium oxalate yields^ an ammiiu) salt, namely : 

‘ 0s03(NIl3)4C304. 

Having onye obtained a suitable osmyl oxy salt such as ]K>lassiu 
or .sodium osmyl oxynitrite by a method similar to the above, it is n 
dinieult by suitably choosing the reagents to pre[)aiie man\^ oth 
derivatives. Thus, .the amihonium salt may readily be obtained I 
double decomposition of anhuonium chloride and the sc'fdium saJ 
TllhVi : 

Niv,( 0 s 03 )(N 02 ), - (NII,).ps 03 (N 02 )j, + 2 N'i'1. 

Again, t)y acting on this new salt with hydrochloric acid in the col 
ammonium v)smy I oxychloride is produced ^ : 

(Nll4),0s0..rVo;»^ + 2I1CI - (Nn4)30s03Cl, d- 2HNO2. 

When, therefore, any ])articular derivative is5 didlcult to prepare 1: 
the direct method, it is frequently jjossibk to apply indirect mcthoc 
with success. < . . 

Osmyl oxy salts exhibit practically the same properties as osm; 

^ Sec p. 231. 

* Wmtrebert, Ann. Chim, Pht/s,, I90!t 28, 16. 

• Potaasinra salU apparently do not Ix^havo in this way with halogen acids, but a 
oonvorted directly iiico osmyl derivatives ; vidt infra. If the above reaction is carri? 
out in the warm, the aminoniam salt is converted into the osmyl chloride or oven to chic 
osmate, (NH4)i')8Cb. See p. 227. 
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derivativcsf For example, water deeomposies them with foinmlioii of 
osniic acid : 

M,(OsO,)X2 4 11,0 - 4 

The reaction, whieli proceeds slowly in the (old, i^!v rn])id on wann- 
ing. Potassium hydroxide reacts similarly. 'J'hifs : 

M,(0.s().JX 2 f ‘JKOH = K.OsO^ I 1>MX ! 11,0, 

whilst the halo^a'ii acids yield halo^un osniates. Thus, in the case* of 
hydrochloric acid : 

M,(()sO,)(:l^ -I tilK'l IVPOst'le d VI d 

Osmyl oxy salts may ficqucntly be converted into osniyi dcrivnti\ c.s 
by the action of a nducinm acid. For exain})lc, annnoniuin osinyl oxy- 
oxalatc is rt duccd l.)y oxalic acid to ainmoniuin osmyl oxalate as hrilows : 

(Nll4),0s03.( ,(), d II,^ 2^>4 (Xn ,)2<>^<>dF,0,), d IFO. 

In a similar manner it is possible to convert an osmyl (»xy dcrix at ivc 
conlaininjL^ a certain acid radicle into an osmyl salt with another acid 
radicle. Thus j)otassiuin o>!ny1 oxyniiritc with hydrochloric acid yields 
])otassium osmyl (‘hloridc : 

K,OsCF(X(),), I tllCl - K.,(()s(),)(’!, ‘JUNO., i 11,0. 

Transformation in tlic op|)osilc din ct ion, namely, from osmyl to 
osmyl oxy derivali\ cs, is more ditraailt to efh'ct. althou J it ha lucii 
accomplished in the preparation of potassium osmyl oxynit i ile(st‘c j). ’J'JS). 

Ammonium Osmyl Oxychloride, (NH.,)4)s();j.C'l2, is obtains (i by 
careful addition of hydnu’hloric acid to the corrcs])ondine nitrile * : 

(xM1,)Os() 3(\()J, d tilici - (Mld.OsO^Fl, d t>HN(F. 

It is an advantage to use a sli][»ht cx(‘c.ss of acid, as it tends to 
prevent oxidation from thc' nitnais fnmc.s. The t( m|)eTai ;fic, how(‘\cr, 
must not be L'^rcatly raised, otturwa.se the osmyl salt, (MI j)T)s()^,.t’l^, 
or even the chlorosmatc, (NT Vj)/lsFl6. n)ay result. On \(ry ;»cnlly 
warming thc nitrons fun.es arc discn«/.aixcd, and a jcllow crysialline 
deposit flrf ammonium o.smyl oxychlo.i<h. is oluaiiud, which is l>nt 
.slii,ditlY soluble in water. AVithVaustic potash, ajimionia and ]jol. . diiiii 
osmatc arc formed, thc latter imparling to .‘he .solution its cliaract eristic* 
rcd‘vioJet colour. 

Potassium Osmyl Oxychloride is apparently too unstable o exist, sin(*(‘ 
its osmyl oxynitritc is converted directly into osn«yl cMorMc' by the 
action of hydrcudiloric acid. 

Ammonium Osmyl Ox>bromide» is jmpaicd in an* 

analogous way to the • blonde.' Tlius : 

(Nll4)20s0,(N0i)2 + 2HJlr =- (NH4)/)sOJh’., i ‘JlIXO^. 

Ttie salf is obtained as a yellow, crystalline [jowde.*, but sligh'ly 
soluble in water. IVith pota.ssiuni hydroxide amm* nhi is evolved, 
potassium #)Sinate femaintng, th is indicating thc luxavalenL yalure of 
the osmium. ^ 

No corresponding |)otas.siuni salt is knowy. 

' W^atrebert Jnn. Phy9^ 1U03, 28, 15. 
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Prtaiiium Osmyl Oxynitrite, K2{0s03)(N02)2.3lI/), is fcadily ol)- 
t'^iijcd ^ as the result of the direct action of a concentrated sc^ution of 
potassium nitrite 5n osmiimi tetroxide : 

i 3KNO2 - V KNO,. 

If nitric oxide is passed Ihroujjfh a soUrtion of osmium tetroxide in 
])olassium hydroxide containing exactly one i^oleeule of the former to 
two of the latter, potassium osmyl oxynitritc is formed, and may he 
isolated on concentration lof the solution. The reaction probal)ly 
))roceeds as follows : • 

OsO j 2KOII 2NO . IIJ[)s(), d- 2KNO2 
‘2K\().. -h II2 OSO,, Ko(Os().,)(X(),)2 I II^O. 

An interesting method of preparing the osmyl oxynitritc et)nsists in 
acting on the osmyl derivative with potassium hydnJxide. Thus : 

K2(0s 02)(N0,)4 d 2K()II - K2 (Os( 3,)(N().>)2 d H^O h iiKXO.. 

This is one of the few cases in wiiieh it is possible to pass from an 
osmyl salt to an osmyl oxy salt. 

lh)fassinm osmyl oxynitritc crysUdfiscs in the form of brownish 
black needles, which dissolve it\ mpicons potash, yichling potassium 
osmate. 'fhe crystals are only slightly soluble in cold water. At C. 
Uiey begin to lose their water of crystallisation and accpiirc a yt llnwish 
lint. When ernshed in a mortar the odours of osmium tetroxide and 
nitrogen peroidde become apparent. When heated in a (‘iirrent of 
hydrogen to 200° C. the salt decomposes without ex])losion, free osmium 
remaining behind. 

Sodium Osmyl Oxynifrite, Na2Ps03)(N02)2, is apparently formed % 
the action of sodium nitrit^c on osmium tetroxide.* It has not been 
isolated from the resulting solution, as evaporation yi{*lds merely a 
syrupy^iipiij. Addition of ammonium chloride to the solution changes 
its colour from deep brown to yeliow, and a yellow erystalliiur ])()W(rer, 
•luimely, Ammonium Osmyl Oxynitrite, (Nil ,)2l3s()3.(Nb2)2. is deposited. 

The corresponding sihrr, {fiul drnnlium saltti have been 

prepared, crystallising with one, four, and three nioh'eulcs of water 
rcsp^'y^tivcly.* The osmyl oxyoxalatcs ,• of potassium and ainmonium 
have also been prepared. 

OSMIUM AND SULPHUR 

Osmium Disulphide, OsS.^, results - wlicn a current of hydroiren 
sulphide is passed tlvy osmium oxysul[)hide {vidr infra), which is 
gentiy warmed. At higher temperatures the rci}ctu>u is very vigorous, 
the who'e mgss glowing with heat : t o ^ 

OjjOaisii)^ L 21I3S ='20 sS 3 + aiip. 

It is also produced on passing hydrogen sulphide through a ncutrr 
solution of an alkali osmate ^ or chlonjsmate.^* • 

* Wintri'bort, Ann. Chim. PfAr*, 18(>3, 28 , 15. 

* Momhi and WiRchin, 'AciUch, anvty. Vhem,, 1893, 3 , 153. 

* Ir^my, .l»n, Chim. Phyn., 1844, 12 , 521. 

« V >rzoliu 3 . Ann, Chim. Phy9., IS29, 40 , 283. 
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Osmium Tetrasulphidei OsS^. is obtaincMi as a brown preciuitate 
wlicn hydrogen sulphide is passed throiig^i an «eidificd aqueous solution 
of tlie tetrox'do.* It is not affected by soUili us nl^the hydroxidt's f!r 
sidphides of the alkali ineta!s» in which it is uisjluble.- It oxidises 
readily in the air. and at high teinperainres it deconqa'ses, yielding the 
1‘ree metal. Wlu'u gently hOded in vm uo it is danc'd to yield a sulphide* 
of composition •' OsoS,^. 4 

Osmium OxytfUlphid , is obtained ^ as a bnnvn ]>owder 

by the action of l;ydrogen sulpliide t>n dr|'^ osmi<* acid, ll.,()s()j. The 
reaction is ^•ery vigorous, the mass being raisetl to glowing tianperatiire, 
#\'ater and sulj)hur vapour being emitted : 

211, OsO, -h tiLK Os, (),(sn), p rdLo h tis. 

The oxysulphide dissolves in acids evolN ing liydrogcn snlphidt*. 

The heat of the reaction indicates that wat^T cannot be })resent as 
such in the sulphide. Moraht and Wisehin suggest the following 
constitution : 

xSU 

Os () 

M 

I 

O 

(Is . 0 

\sir 

This is supported to some extent by th(‘ far ls that ( 1 ) the oxysiilphide 
dissolves in sodium carbonate solution witli <*\^olution of carbon dioxide, 
.Aul ( 2 ) yields with solid potassium sulvhide a y(‘llow substanee, liydrogcn 
sulphide eseaj)ing. These facts suggest that llu? ox\ sulphide' has a 
distinctly acid nature. Again, with ethyl iodide, mercaptan is jiro- 
duced. This clearly indicat<‘s the presenci' of an SI I grf)ii|). Thus : 

^sii /'S.r,ir, 

Os 0 ‘Os 0 

O'^ • -fic.iij ^ ' i-L'iir V 2 C.,ii,,sn 1 2()so.,. 

\ . ^ - 

t)s 0 Os () . 

^SII , ''S.CJI, 

The precipitated osmium dioxide discloses its nnsmurated nature 
by exploding when heated with organic syh-;^inces. K. von M(*Ner'’’, 
describes the prepar.ition of an osmium Vi.^y.v .^Jiide by passag<‘ of 
hydrogen sulpliide thnt>ugh a solution of o.smium tetroxidc. 

Osmium Sulphite, OsSO,. — 'i'his .salt is jircpared by ^reduction of a 
solution of osmium tetre^ide \fith sulphyr dioxidcw'^ The solution at 
tirst •liccomcs yellow, and finally assumes an indigodihic colour. On 

‘ Berarlius. Artn. Chim.Phus., JS29, 40, 2S3. 

^ CIaih, Bm//. JrW. p/ir>yjr(Kl, i, 119. 

^ l^crzcliiH, he. cit. ; Traill de Chjfniie^ 1840, 2 , 408. 

* Moniht and Wwchin, nnorg. Chrni., ^'9.*!, 5 , t.ja. 

* E. von Meyer, /. prakl, Chem., 1877, (Ul. 16 , 77. 

* Berzelius, Ann, Ohim. Phjii., 185D, 40 , 2b^i Kr^my, i 6 id., ^644, X 2 , /52I. 
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ovapur/itinj; lo dryness and drying at 100° C. in vacno the salt^is obtained 
as a hlaekriiisoliible ])o\\»l( ^ jviiich, however, dissolves in aekk' 

' Complex OsmMulphitesI'^ -On passing sulphur dioxide through^an 
alkaline solid ion oj osiniinu tetroxide in sodiilm hydroxi<lo uiitit it 
he(‘omes almost ihmO r:d, a brown crystalline precipitate is obtained, 
•namely, the eonij)l(‘x*Aw//a/a n.vAnww/ij/d/e, .iNajO . OsOg . 4SO., P 5H2O, 
or : 

55;;;;'>0si^(S0,Na), + 5H,0. 

The salt dissolves easily in warm water, yielding a reddish hrowA 
solution. On treatrlient with caustic soda, a violet solution of sodium 
osmate is obtained, whilst barium chloride and silver nitrate precipitate 
resp(‘clively a liglit brown barium salt and a yellowish brown silver 
salt, lly treahnent of osmium tetroxide in potassium hydroxide under 
similar c(»nditions with sulphur dioxide the complex TK^O. tOsO.,. IOSO2 
has beiai obtjiined botli in the anliydrous condition and witli 3 and 
7 molecules of wat(‘r respectively. 

In concentrated alkaline solution, prolonged aedion of sulphur 
dioxide yields the complex IIK2O.4OSP.J.I4SO2 + TllgO. 

Itolli of these salts, on treatment with caustic potash, decompose 
(piantilativTly into potassium osmate and sulphite. 

Ity the action of sodium hydrogen sul])hitc solution on one of sodium 
cldorosinate at the boiling-i)oint, a whilish brown crystalline compound 
is obtained, to^vvhieh the formula 

|Os(S02)elNa,.8ll20 

is given. 

If, however, an excess of sulf)kilc solution is used, and the mixtu^fc 
allowed to stand for scveriil weeks, needle-shaped crystals of sodium 
vhlorosmisulphilc si'parate out, ranging in colour from dark yellow to 
bright brown, and containing two atoms of chlorine, thus : 

(S( )a) 

The saiiu’ salt is also fornu'd'by mixing solutions of normal sodium 
sul[)>.ke and chlorosmaie in the cold. If, however, the solution is 
gently warnicd, the inonochKir dcriv^itive, 

[oS(siyjNa,.0lI,O. 

is producetl. 

' Potassium IIifdro^M^^'dd(m}smisulphitey OsC14(SO;{)jKrTI 2, obtained 
by tbe prolonged action of ]>otassiuni hydrogen fSulplute on potassium 
osmichloridc, crystallises in dark red, monoclinic pi isms. When heated 
with hydrochloric iicid it evolves sulphur dioxide, and is converted into 
potassium osmbliloridc. 

Other complex derivatives have been prc}mred\> 

^ riau'^^ HuU. Aciid. Set. PHro^radf. 1863, 6, 154. 

“ RostMihoim ami ^aascrath, ZeU-tch. anorc. Chem.^ 1890, 21, 122; Kosenheim, ibid., 
191)0, 24, 420. 
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OSMIUM AND SELENIUM 
Osmium sHenatc is not known. 

fn thf fold, sflcnif aoid is without action on osi£iiiiin, bur at nOoul 
I'JO' C. the MRtid dissolvfs, yifldin/i» a ooloiirlfss solutiov .\liifh conlains 
sflfuicms acid and osmium tctroxidc.^ c 


OSMIUM AND NITiy)GKN 

• Osmium Di-ammine Hydroxide, OsO(NI I, )., (Oil results when the 
tftroxidf is dissolved in concentrated a(|ueous aimponi- and healed in 
a closed vessel to 50' (\ On openinuf the v»‘ssel and evaporating the 
excess of ammonia, osmosammine hydroxide is ohiained as a dark 
brown powder.- It unites with acids to form salts, and upon lK'in<r 
Iieatcd readily decomposes. When boiled with alkalies ammonia is 
evolved imd hydratecj osmium dioxide remains.** 

'Phe most important salt is the chloride, which yields brown crystals 
whi<‘h are decomposed by water, basic salt. 

Osmyl Tetra^-ammine Hydroxide, 0s02(Nn.,),{0II)>, is obtaiiurd by 
doubU* decomposition of its sul/)hatc with barium hydroxide,* «• of ils 
chloride with moist silver oxide.** The solution is not stable, and on 
concentration ammonia is evolved, 'riu* most import/mt sdl of (his 
!>aso is 

Osmyl Tetra'-ammine Chloride, OsOjj(Nll.j).,C'l 2 , obtained as 

a yellow, crystalline precipitate when ammonium chloride* is added to 
a<jueous j)otassium osmate.® It is but sliirhlly soluble in water, and 
boilin^T water eleee)nij)oscs it into osmium tetre)xide aiwl (Ksmiiim di- 
immine byelroxide. Us solid ion ^ives a viole , eoloralion with ]iotassium 
1\ rroeyanieie, a re-action that may be idiliseel for the- eleteeMion of 
osmium.’ It is insoluble in alcohol anel in hyelroelilorie acid. \Mieu 
heated it deea) 111 poses eeimpletely, yivldin<; a mass of sponoy osmium. 

The corresponelinj^ nitrate and sulphate arc known. • 

Osmiamic Acid, OsNOJI, may be prepared by decomj)osin|.r the 
barium salt w'ith dilute sulpheiric aciel, or Ihe siKer salt with liyelro- 
cliloric acid. The diluft; aque >us solution thus e)l)taine‘ei is fairly 
stable, But upon concent rat iorj it de ea imposes. 

Jojy ® su^'^e\sted that osmiamic aciel jni»>ld well be represi nt^ir^ as a 
nitreiso compound by the formula Os(3(i\())OII, eleriveel irean the; 
unknown trihvdroxv compound, Os(NO)(OH) 3 , whie-h ‘orn sjionds to 

Uu(NO)(OII)3: ‘ • 

Such a constitution is in harmony with certain reactions ef, for 
example, its potassium salt, OsNO^K.® TJiu*^® reduetiem of the last 

^ llraelecky, Chenu SC ntr.^ 1917, I, 919. 

s J^rzcliufl, Ann. <Mn9. Phys., 1S29, 191. 

^ Claus, Hull. Acad.^Sci, PelrograJ, 1803, 6, 15-1. 

* Claus, l()c. cil. • 

%Claus, &PUS cit.f 1860, 4, 121. 

® Frinny, Ann. Chim. Phys.^ 1844, 12, 521. 

■ Gibbs, Amfr. J., 1881, 3, 2.33, 

Joly, fompi. 1891# 1 12, 1412 

» Friizschc and Struve^, who first pnrp'^rod tho pfdassium gait, 8U(fj(cst*d for it tha 
formula K-^NjOsjOj. Gorhardt (./^/ 'Art Aw., [ii»b 12, .304) Bh<.^ed that this could not ho 
correct. 3’ho formula O8NO3K is due to .Joly (/or. rd 4. Hcnni the formula for the acid. 
Brixard, Thhe, Paris, 1900; Ann^Chim. Plyft.p 1900, 2X, 311 
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named with acidnhited stannous chloride yields the amide of potassium 
(M)^smntc, namely, K20s>'Nll2)Cls, the supposition being that the NTFg 
lu-ouf) is fornicfl f)V dirci’t induction of an NO group. 

WcriHT and f)iukhigo* however, have pointed out tiiat .cooled 
hydrochloric acid Icacts with potassium osmiarnalc, evolving clilorinc 
and yichling a Vcll-cryslalliscd salt of coipposition KgOsNCIg*. This is 
*conlirni('d hy Winlrchcrt.^ Now Werner and Dinklage regard it as 
irn|)rol);d)lc that a nitroso group can be preserft in the original acid, and 
suggest I lie I'ormula : 

• “\ /“ . 

Os 

Nil 

tlie iniido group replacing one atom of oxygen in the tetroxide. 

To the potassium salt they give the tantomeric formula : 

Ov ,0 

\ 

Os 

KC)/ 

Potassium Osmiamate, OsNO^K, may be obtained ® by the action of 
ammonia on a cold solution of osmium tetroxide in polassimn hvdroxide. 
Thus : 

OsO j f KOII (- NIT;, OsNOyK d- ‘iHgO. 

« 

The salt crystallises in orange-yellow, tetragonal pyramids, which 
partially decompose upon recrystallisation, becoming darker in colour. 
When heated, nitrogi'U giis is evol\jcd. 

The eorres})oiuling barium, silver, and sodium sails have been 
prepared. 

Pot^8sium Nitrosochlorosmate, K20s(N())(l5, may be readily 
obtained - bV boiling potassium c^sminitrite with concentrated In^lro- 
^ehloric acid ; 

‘jKaOslNO.lo + lOHCl = 2lv/)s(NQ)Cl5 +.8N0 + 5N0, -KSlIoO. 

Tlie salt yields orthorhoml)ie crystids isomorfihous witli the corre- 
sponfinlg nilrosoehlor-ruthenate (sec [>. 150). It is very stable* for a 
compound of osmium. Its aqueous solution is quite stable and even 
nitric acid does not attack the salt as vigorously as usual. 

Potassium Nitjrosobromosmate, K20s(N())lIr5, and Potassium 
Nitr0so4odosihate, K30s(N0)l5, arc prepared in a similar manner to 
,the chloro derivative, Inch /hey arc isomorphous.-* 

Osmium Nitrite, is obtained when barium osminitrite is 

dt'euSqjosed with the theoretical amount of dilutt* Sulphuric acid.^ By 
operating in the cold the evolution of pitrous fumes may be avoided, 
and the liquid appears to contain osminitrous acid, IT2ds(N02)5. ; On 
concentrating, 'htrous fumes arc evolved, and osmium nitrite is obtained 
as a deep browm powder, stable in air. ^ ' r 

‘ ^ Werner and Dinklaire, Bcr., 1.001, 34 , 2098; Ber., 1906, 39 , 499. 

“ Wintrebert, .4««. Chim. Phys*,* 190;j. 28 , 15, 

* Fritzsche'and Strure, Bull, Acttd. »SVi. Pekograd, 1863, 6 , 81. 

* Wiiitrebcrt, Compt. rend.. 1905. 1.10 •'iSA 
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Potassyiin Osminitrite, K 20 s(N 02 ) 5 , is obtained ' by the action of 
excess of potassinin nitrite on a solution offcolassium ehlorosinntf at n 
te;n])eratiire of about 80'^ C.‘- : 

. K.OsCl, + TKND. -- K.,Os(NO ,)5 f 0K(M j^KNO, | NO. 

# 

It is necessary to carry out (he operation away from air. as otherwise* 
lar^e quantities of osinyl oxynitrite (see p. 228) arc I’ormi tl. 

The crystals oi.)lainca arc flattened paralkiopi[>eds, canary yellow in 
colour, and readily solubK; in water. ^ 

Sodium Osminitrite, ^^a20s(N0jj)5 . 2112 !), may be obtained advan- 
iafjcously by double decomposition with the silver or barium salt.*’ Its 
crystals arc a little more solyble in water than th^sc o^ the potassium 
salt, and are possessed of an orantrc-yellow colour. 

Ammonium Osminitrite, (NII.,)20s(N02)5, may be j)repared in the 
same manner as the sodium salt. It yields oran/^u -yc How crystals 
which are stalilc in dry air. 

Barium Osminitrite, Ba 0 s(N 02 ) 5 . 1 L 0 , is obtained by the action of 
barium chloride on a hot aqueous solution of potassium osmiiutritc and 
crystallising at temperatures above 15' (’. It yi(‘lds yellow plates. 

At tcm))cratiires behn.* 15'* C. the salt separates out as^amber- 
yellow needles containin<T four tnolecules <jf watir. 

Osminit rites of silver («'olden yellow), slrattfntm (oran;^ad, calcium 
(oranjTc-yellow), jua^uesiutn (sulphur xa'Ilow), and ziuc (oran^a*-yellow) 
have been prepared. ' 

Osmium Cyanide, ()s(CN) 2 .- -When an alkali osmocyanide is \N;trmed 
witli concentrated hydrochloric acid, hydrogen (*yani(V‘ is frradually 
evolved, and osmium cyanide forms as a dark violet jmvipitate : 

4MrN . Os(CN)2 { 2liCI -5()s(( N)2 !*2M(1 i 2n(’N. 

Hydrogen Osmocyanide, Osmocyanic. Acid, II^OnfCN),,, is best 
prepared })y addin^^ conc(‘ntrated hydrochloric acid to a e(»ld, sat united 
solution of j)otassiuni o.snu)cyanide. On standinir, osnM)cyanie acid 
separates out in small white scalds. These an* v^ished with con- 
centrated hydrochloric acid, dissolved in alcohol, and finally precipi-* 
tated out with ether, as j^rilliaTit^crystaJs.*'’ 

Obtiyned in this way osnuwyanic ^icid is anhydrous, and sfabh* in 
dry air. In moist air it "ive* a bine colour, prol)al)ly owinitj^) the* 
formajJTon of osmium cyanide. It readily^dissolves in wate r, povin'^ an 
acid reaction. It is ajso soluble in alcohol, ])ut not in ether. It has an 
astringent, metallic taj^e. Analysis a«^^n cs with the fonniila ^iven 
above.’* It unites with bases t(» form salts know\'4 as, Asiiux va pities, 
which closely resemble the corresponding^ ferro- and riithcno-cyanides. 

Potassium Osmocyanide, K 40 s(Ci\')^..‘t*'^^\is obtained on heatin^r* 
to fusion ammonium ehlorosmatc with one and a^ialf times its*v";iaht 

» Gibt> 8 , Afner. J. -SM., 1802, 34 , 341. 

2 Wintrebert, Ann. Chim. 190,3, 28 , 1.5, 

’ 'Vintr«b*rt, Cow/><. rcw//., hio.'J, X 40 , 585. * ^ 

* Jlartiufl, Ueber die Ct/anverbindnnrfcn der Phtinmdaih , oit^ation, Gottingen, 
IStW. p. 15. ‘ 

•' Martini^* optM ci/.I p. 15. J 

® Martius, opus \ Claus {PcitrSge, of?., 1851. p. 99), who fir^t prepared thin acid 
ill an analogous manner to that descjiticfH*}^ Martins, did not it ; he concludefJ 

that its formula must be as above on the ground of iA? close re^^unhlfnee to the corre- 
sponding ruthenium compound. 
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of pofasMinn ry^nitlo^ for len to fifteen minutes. F.xtrackion of the 
welt Rifii ixalini? Nvatcr, ^ikI subsequent evaporation, yields crystals of 
pMassiiim osniocy/i^iide eonlainintf three molecules of water. ^ o 

Marlins - rr’coni|ieiifled (he following metlu^l : Osmium tetroxjfle 
is dissolved in p^fassiiim hydroxide solid ion, the latter bein^ present in 
f;nHiei(Md (piantily to#rcnd(T the whole distinctly alkaline. The dark, 
reddish brown solution is now mixed with tjjc ncpiisitc quantity of 
|)(>tassiiim cyanide, whereby the colour becomes iwereasingly darker, 
until finally it is /[greenish black. On complete evaporation and gentle 
warming, th(‘ dry residue gnidually changes yi colour through yellow 
to while, 'fliis jjroduct is redissolvcd, and from the solution crystal.# 
an* obi ai liable in tli# usual way. 

Polassiurn osmocyanidc is easily soluble in hot water, and the 
boiling .saturated solution deposits, on cooling, the .salt as a line yellow 
powfler. It is almost insolulile in alcohol, and quite insoluble in ether. 
On slow evaporation of its aqueous solution, the sidt yields crystalline 
leallets i.somorphous with the ferro* and rutheno-eyanides of potassium.*^ 
It is a useful reagent for detecting iron, giving with ferrous .salts a 
violet precipitate, and with ferric salts a dark violet-blue precipitate.* 

Anlyalrous potassium osmocyanidc is white, and when healed to 
rediK'Ss in the al)sence of air yields some free osmium, whilst in air 
osmie acid is formed. With concentrated hydrochloric acid, hydrogen 
osmoewanide is fornu^d (vuk supra). Soon, howev(*r, a further reaction 
sets in wlu‘reby hydrogen cyanide i.s evolved and osmium cyanide is 
jireeipitated out. Other mineral acids b(‘have similarly. 

When chlortnc is passed through a .solution of potassium osmo- 
cyanide, the latter as.sumcs a dark colour like that of potassium ferri- 
cyanide. Marlins^ couhl not obtain any osmieyanide, however, on 
ova]>oration, but found that, on .standing, potassium chlorosmate wa# 
foruK'd. • 

Barium Osmocyanide, lhi 20 s(CN)<j.()II.,(), is obtained by adding an 
excess (ff baryta water to the violet precipitate resulting from inter- 
action of a ferru .salt with potassium osmocyanide. The ferric osmo- 
t^yanide is at onc<^ deeomjiosed, yieldiia^ a brown })reeipilate of ferric 
hydroxide, w'hilst barium osmocyanidc passes, into solution,'* imparting 
to it a yelUnv colour. , Any exc(;ss of oavium hydroxide is ren^ived by 
passii^ carbon dioxide through, and on f;low' (*vaporation of the filtered 
liquid the salt cry.stalli.se.s out in stable, reddish yellow* crystals, neadilv 
soluble in water and aqueous alcohol. On heating to 50 00” C. the 
whole of the w'ater of crystalli.sation is expeVed, the anhydrous salt 
renvvi.ning as h velWw jmwder. 

Barium Potassium Osmocyanide, BaK20s(CN)^. nil/), has also been 
•jireiiared (Martins) 

Detection And j^stimation of Osmium.—Sce Cliapter X, 

• Claus, opus n/., p. 98. 

2 Martins, opus n/,, 1854. p. 17. 

Dufpt. Campt. •189.1, lio, 377. ’ 

• Claii.s, opus cit. t 

^ * M.-irtius, opus 2L 

• Mart i«s, opus n’l,, p. 22. 
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IRiDIUM AND ITS COMPOUNDS 

IRIDIUM * 

Symbol, Ir. Atomic wci^rlit, 193*1 ( 4 ) “ 1(5) 

Occurrence and History.-- Iridium is fomul in nnlurc nlloycd with 
platinum or other allied metals, partienlarly in plat iniridium and 
osniiridiuin (see analyses, p}). 298, 25S). Xcvf^dns/iifr, a varii'ly of 
osmiridium, contains over 10 per cent, of iriiiium, whilst sisn.s/iite, 
«anoth(‘r variety, contains up to 30 per cent, of the same metal.* 

Iridium was first identified as a new metal by Tennant in 1801, who 
su^^ifested its name in reco«^pition of the different colours exhibited by 
its salts. 2 Iridium lias been dckeeled in meteoric iron,^ and its pi-i“senec 
in the jihotosphere of the sun has been demonstrated spcctroseojiieally.* 
Tlu; world’s annual production •'* of iridium in normal tinu s probably 
does not exceed 500(t oz. 

Preparation. -Iridium may be conveniently prepar^ul from o.>im- 
ridium.‘* This alloy is fused in turn with zinc, and tlyn with barium 
dioxide and nitrate. The residue, after treatment with acid and 
removal of osmium by distillation, consists of iridium and a small 
quantity of ruthenium, as explained ^n pajrc 1 10. 3’he liipiid is r(‘duccd 
To small bulk, animonium chloride and a little nitric acid addl'd, and 
the whole taken to dryness on the water-bath. A violet-black crystalline 
residue is obtained, consisting mainly of ammonium ebloriridah*. 'fliis 
is washed with semi-saturated ammonium eiiloride solunoii until the 
washings arc colourless, dried, and* herited to redness, a eurnait of 
hydrogen being finally passed #y«T to remove the last traei s of ehloriiu? 
and oxygen. On eooliniir, thc*«ietallit residue, consisting mainly of 
iridium •with a little rulhenium, is Ireated wft h aipia regia, wdiieli 
removes a little platinum and osmium. Fusion with f)otassiu/n*iTitrale 
and Wydroxide and suhsequent washing* removes any rullM*niimi us 
sohihlc ptitassium rufhenate, the insoluble residue being finally heafed 
, to whiteness until cvci^ trace of osmium has been vo kit ihsed. The 
residue gradually melts to a button of fairly pure iridium. ‘ 

Purification of Indium. — In pn^eticc t)i^ j)urest iridium obtniiif d bj^ 
th(‘ foregoing process invariably confains slTOl/V^^'mlitics of phitifiupi, 
rhodium, rutheniunk, ^nd iron. In order to remove these, 
treats the metal as •follows. The iridium, in n finr stale, of tb^visiV^, Is ' 
fused with ten times its weight of Ic.ad, and kept in^t^' molten condition 

• t)ana, A System of Mineralogy (Wiley anil Sons, J(>09). ^ 

2 Tennant, Phil. TrSns., 1804, p. 411. 

• I)aviflo>, ./. Sci., 1199, fiv]* 7, 4. 

• I^kyer, Comj4. rend.^ 1878, 86, 317 

• H&nig, (JCsterr. Xeitsch. Berg.-IliittenAresfn.t 1914, 62 , 20l>.; abaimcl J. Soc, Chtm. 
tnd., 1014, 33, rm. 

• Devilleand Debmy, Ann, Chim. Phys., 1859, $6, 386, 

• Matthey, Proc. Roy. Soe,, 1879, 28, 4tJ3. % 

• 236 
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for some hours. On coolii^, the load is removed vvitli nitrie acid, and 
the j^siduo sn})j(‘clod to jirllon^'od digestion in aqua regia, wh^Tchy tlic 
jtlalintifji is removed, and hiass of iridium, with small, (|uantitie^^ of 
rliodiiirrj, ruthenium, and iron, results. 

'I’his is fusei^wiih ]3otassium hydrogen suipnate at a high tempera- 
,1 iu(\ whieh treatnii ii^ removes praetically «ill the rhodium, any remain- 
ing I races being t aken out with the iron at a ^ter stage. 

1’he resulting iridium is fused with ten times its ii’^ight of potassium 
hydroxide and three times its weight of potassium nitrate in a gold 
erueihle. This operation Wikes a eonsiderajde time, the iron being 
oxi(lis(‘(l, tlic iridium eonverted into insoluble potassium iridate, and 
the rutlK iiium to sdulile potassium ruthciuitc. 

The whole is extraeted with water, and the precipitate washed with 
water eoutaining alkaline sodium hypochlorite in solution, until the 
washings are no longer eoloured, signilying the removal of most of the 
ruthenium. The resi(iife, consisting mainly of blue oxide of iridium, is 
now allowed to remain for a time suspended in a cold solution of sodiuiu 
by[KK*hh>rit(‘, after wbieli it is gradually raised to the lioiling-point and 
heated until tlu? distillate no longer reddens a solution of hydroclilorie 
acid in diluted alcohol. The residue is again heated with potassium 
nitrate^ind alkaline sodium hypoehlorile solution charged with chlorine, 
until t he last trace of ruthenium has disappeared. 

It now remains to naiiove the iron and traces of rhodium. This is 
eff(‘el('d hy dissolving in aqua regia, evajiorating to dryness, and rc- 
(liss(»lving in wal(‘r. After liltering, the dark-coloured solution is 
slowly poured.into a (‘oneentrated solution of sodium hydroxide (*on- 
taining sodium liypoelilorite, and should nanain clear witliout any 
pere<‘plihl(^ pna-ipitale. 'fhe soluticai is now distilled, and ehlorine gas 
passed through ; th(‘ distfilate on heing colleeted in a solution of hytlrd^ 
elilorie acid in dilute aleoliql should yield no coloration, showing that 
rvitlu'uium is entirely absent. 'Phe ehlorine precipitates out the great ei 
part ()f tjie irylimu as l)lue oxKle, which is washed and dried and reduced 
i)y ignition in a porcelain tube in u current of carbon monoxide mixed 
•vith dioxide, as obtained hy the ,'ieliou of sulpluirie acid upon oxalic. 

Metallic iridium is thus obtained l^)gTHhei\\vith oxide of iron. Tlir 
whole is heated t(» redness witty potassium hydrogen sulj)hati, whieh 
removes tlie iron and Jiuy remaining traces of rhodium. The rei^due is 
well \Wshed with water, thei^witli chlorine water to remo\'e anyVraees 
of gold, and linally with hydrolliiorie acid to take out any silica wliieh 
may have accidentally heen introduced with the alkalies or have come 
from the vessels cjnployetl. The resulting iridium is calcined with 
ehari^oal and uL'lted into an ingot. 

» Matthey states thaLCl^ynetaU prepared in tliis manner, even with 
the uhpost care. wilrtt'nTl contain minute, though almost inappre- 
Vnlnfe, traces of oxygen, ruthenium, rluKlium, anfl possibly iron. 

Leidic* ^ rerommends the following* method of purifying iridium 
as obtained l)y^,rf*lnc process first described. The metal* in* affine 
sta^e of division is heated to dull redness with twice its weight of 
fused sodium cldoridc in a current of dry chorine.* On cooling, the 
mass is sxlracted with water contaiiAng a little hydrocliiorie acid. 
The solution is filtered, raised to Q., and sodium nitrite added 
until nitrous fijmes "cease to be evolved. SntTicient sodium carbonate 
‘ LoidkS Compt, rcwrft‘1899, 129, 214. . 
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is now inti^oduced to render the solution ^eeidcdly alkaline, then a 
sli«^ht excess of sodium nitrite, and raised to boilin<r. •The 

j)rQC*ipitafe o])tained contains any iron, lead,wiul :rol(i#)riuinally presenfc, 
whilst, in solution are, present iridium, to^elhe* w|lh any ruthenium, 
rhodium, and osmium, in the form of tiu* folio wii ‘^coi^i pounds : 

« • 

Iridium as lr»(NO.^)y.(;\aN(I, 

• • liutffenium as 1 \Uo(N().)q. 4Na\( 
llhodiUm as Hh^(N() 2 )ti. tlXaNO.^ 

Osmium as Na/)sO^ 

The ruihcMiium and osmiym are best remov(‘tUby ' oiiversion into 
their volatile oxides, RuO^ and OsO.,. 'J'liis is effected by addition of 
excess of sodium hydroxide to the solution, and passin<^ in ehloriiuf 
whereby hypoehlorites are ])rodueed. On eontinuimr !«> pass in ehlorinci 
and gradually raising the temperature, the tetr(^:idi*s of ruthenium anil 
osmium volatilise, and may lx- eondensid in a cooled reeiivia*. Tlu^ 
irirlium and rhodium remain behiml in solid ion as double chlorides, namely, 
sodium chloriridate, Na.Irt'ly, and sodium ehlor rhoditi', NajilthUIy. which 
are obtained, together with exeess of sodium ehloridi', on (‘vaiH'ratinj; 
to drymss. The crystalline nfliss is dissolved iu chlorine wmer and 
reerystallisi'd, whi'reby the exc(‘ss of sodium (‘hloridi* is remoNul, I lie 
pure double salts separatiiiir out. 'I'hese an' dried and lii'ated to 
IK)’ C'. in a current of dry chlorine, cooled and extracted wilh chlorine 
water. The rhodium salt has been converteil l)y this ’r(*atnn nl i:do 
the insoluble trichloride and ri'inains behind, tin' sodiPyn ehloiiridatc* 
passin;^r into solution. Aihlition to the last namid of I'xcc ss of ammo- 
nium chloride causes the preeijiilation of ammonium ehloiiridatc, 
^’11,) drt'ly. This is washed in a eifuei utrattd solution of ammonium 
cliloriile, in which it is insoluble, dri*‘d, an^l redueeil at red hint in a 
current of jaire, dry hydro^c'ii. On ciMjlinif, the hydroian is replaced 
by carbon dioxide, pure iridium remaillin^,^ ^ • 

Antony^ prepares pure iridium \w precipitation from an acidulated 
solution of the chloride with metallic /ine. d’he j)reei])itated metal 
treated with*nitrie acid (^leiisirt’ r.‘5a) ci»nlaininc nitrous .acid, whereby 
osmium^ind palladium are rcmo\ ed. ^Repeated ^exl raet ion wilh dihili" 
aqua r^da (3 parts IICl, 3 pai^s 11/), and 1 part JL\()..) dissoaes oiit 
the b^?k of the platinum and any traces osmium and palladium still 
remaining. 

The metal is now fu^xl wilh j)otassium hydro^a n sul] hate whe;cl;y , 
a soluble rhodium comp 'und is produced, and tlii' jnsolirtil. reside^:- of 
iridium sesquioxide, Ir./) 3 , is redueeil in a eurn iU. of**livdrof,HMi,^ and ' 
converted into potassium ehloriiiiWitt' bJ*,J^>j*atini^ with potassimik 
chloride in a current of clilorine. Rejn’ated crtiiiallisatiin). t 9 ;j:S 4 iioyvi^, 
any chlor-rulhcnatc^ \Plelds the purer salt, still contaminated, liowr^Vifi^,''' 
with traces of platinum. Thi^c arc removed by redueftig the salt to 
the juctallk* condition aiKl lieating in a current of M‘^lprine and carlKm 
monoxide to 250" C., whereby the platinum volatilise Heaving' a li^rk 
green mass of iriiUftrn, containing a little chloride. 'Wic pure metal is 
readily obfained from this by ^^duetion. » 

Physical Properties. — NaRve iridium has been found crystallised as 
cubes, and is stated to occur less frequently^ as riibmbojicdra, In an 
. ^ Antony, GamUa, 1892, 22 , i, 275.. 
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examination of a pure pi|paration belonging to Stas, Piintz ^ could 
find flo evidence of dimogdlsin or of hexagonal (rhombohedral) crystals.^ 
% Iridium is a h#rd, britlfc fnetal, which can be fdccl and wBich iokes 
a polish. In appcttfance it lies between silver aiyl tin ; it is not duejile, 
ho\v(?vcr, even ^it red heat. Its specific heat is 0-0323,^ and its co- 
.(flicient of linear e.^)ansion witli rise ofc temperature (0 -80° C.) is 
0 000, 007.“* The density of the native metal is 22-6 to 22-8.^ For the 
pur(‘ east metal the value 22-42 has been found.® Jt«niclts at 2290° C.^ 
and dislils in the electric furnace, its boiling-point being approximately 
2ari0 ' (’. Its vaptnir, on eo(fling, is de})ositcd ^is small crystals,® l^iqiiid 
iridium dissolves carbon, but liberates it, on cooling, in the form (ff 
gra|)liite.® • • 

.ilfsorpiion of Hydrogen , — Iridium foil, when subjected to prolonged 
ealhodie pulverisation in vaaio^ becomes capable of absorbing some 
SOO times its volume of hydrogen at ordinary temperature. The metal 
l)e<*onies consiilerably •altered in appearance, turning dull grey and 
brittle. Iridium which has been treated in this way yields an amalgam 
with mercury which is completely soluble in aqua regia; furthermore 
th(‘ iridium l)ecomcs capable of exploding electrolytic gas.*® 

The most intense lines in the si)cctrum are as follow ** : 

Arc: 2924-94, 2943-30, 3100-50, 3220-91, 3200-59, 3308-01, 
3449-13, 3513-82, 3510-11, 3522-21, 3573-89, 3038-84, 3800-25. 
Spark : 2833-32, 3513-85, 3.573-90, 3000-01, 3731-49, 3800-25, 
3895-72. 397(»-40, 4020-20, 4070-07, 4399-72. 

Iridium Bllick consists of an indelinite mixture of finely divided 
iridium and its oxides,*- and is obtained by reducing iridium eompouiuls. 
For example, the sescpiioxidc dissolved in alkaline solutions yields a 
deposit of iridium black ofc boiling *vith alcohol, the latter being oxidiseik 
to formic acid and aldehyde. 

Iridium black is soluble in acpia regia, and like its platinum analogue 
possessciJ eoiisiderable catalytic activity.*® For example, it converts 
ozone into oxygcfi, hy|)oehlorites,into chlorides, and free oxygen and 
/dilorine water into hydrochloric- acid and oxygen. 

Colloidal Iridium is readily pbtainedt>y reducing an a<]ifeous solution 
of the ehloridr- with hydrazine hydrate ** or sodium amalgaip^’^ in the 

' IVint/., Compl. rend., 181), 't, Xl6, .492. t 

* (ITfiipjiro Jioso, Ffxnj. Annalvn, I8.4i), 34, 377 ; 1841, 54, 537 ; 1841, 55, 32S ; 1849, 
77, 145. 

* Viollo, Compf. rend., 1879, 89, 702. Regnault gave 0\)3715 {Ann. Chim. Fhya., 
1840. 73, 63). 

^ Oothjd. rend,, 1809, 68, 1125. 

Fogg. Tinmlen, 1835, 34, 377; 1841, 54, 637; 1849, 77, 143. 

* Dtniilo and Debray, Compt. rend., 1876, 81, 839. 

' ’ Mendenhall and Rertew. 1907,25, 1. Karlier ligurcs are 2200-2300® 

^S79, X2, 4#) ttnd 1900® (Viull^ loc. cit.) 

Compt. rend., 1906, 143, 180. 

® Moiasikn, ibid., 1?196, 123, 16. 

Uother, Ber, K. 8m:hs. Gee. Wiea. Maik. Fhys. Ki., 1D12. 64, 6 ; J. Chem. Soc., 1012, 
102. ii, 1179. 8t'e<«(tTO tiutbier and his co-workers, Ber., 1919, 52, B, 136?). • 

** Kxncr and l^chok, Die Spektren dcr BlemenU bci nQrmid^;m Ihruck (licipzig and 
Wk’U, 1911). ♦ ... 

iSoe D«ebcrcinor, ScJiv^ciggeya J., 1831, 63, 465; BOTtger, J, pmkt. Cnem., 1834, 3, 
270. \ 

8chonbein, Annalct;. 1866, 7, 103, 113. * • 

Gutbicr andJHofmcier, J. jffakt. Chem., 1905, 71, 358, 452. 

Poal and Ambergcr, Ber., 1904, 37, 124,- 
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presence oj a protective colloid such as guin^caeia, or sodium protaJbate 
(or lysalbate). Hydro<^en, sodium formatel or formaJd(.‘hyde lufl^ also 
be used,*instead of the hydrazine, as rcdlidug aiicnf # 

^When evaporated , to dryness over eoneenf ..itij! suI[))iurio arid iff 
vacuo the solid hydrosol is obtained. This disiofves^in warni water, 

, yielding the colloidal solution again. The soIuti*)n, when shaken with 
barium sulphate or animal ehareoah is deeon»posed, the inelal being 
eoagulaied and t4m'wn out as a preeipitate. 

Colloidal iridium ma\ also be prepared by llrt'dig’s method, whieh 
consists ill s])arking between iridium (‘leettodes immersed in ie<' eooltd 
«vvater. A current of ‘JO to 25 amperes at ‘J‘JO volts /uves satislaelory 
results.- The colour of the hydrosol ranges from r«l to t aeeortling 
to the method of preparation. A small eurrent faM>urs the formation 
of the l)laek solution. 

Colloidal iridium readily (heomposes hydrogen })eroxidi‘ solution, 
the reaction being, as with })latinuni, mono-tnoleenlar ; tJie rate of 
decomposition is aiiproximately jwoportional to the concentration of 
catalyst. Alkali does nc»t affect the ri*aetion velocity, liut dilute acids 
accelerate it. Hydrogen sulphide, mercuric chloride*, and certain other 
substances act as po’sons Colloidal iridium is less aeti\ e, however, 
than |)lalinum. * 

Carbon monoxide combines with oxygen, yielding the dioxide id 
ordinary temperatures when shaken with the hydrosol of iridium.’ 

Elxplosive Iridium is obtained by dissohing an alloy of the mrtjd 
with ex<*ess of zinc in hydroelilorie acid, the zinc passii ( into solnhon, 
leaving metallic iridium in a linely divided condition. 

The rx})Iosive properly, iirst ciiseovered by aec idem by Ihinsi iC’ in 
ISOS, a])pears to be due to the union of oecliyled oxygen and hydn»g(‘ii, 
«^sinee ilu; metal is not explosive if |)fepar<‘d in the entirt* al>s< ihm* of air. 
CurtheriiKjre the explosive metal on beinn; kept at lUO ' to 200 ' C. for 
several days ceases to be explosive.’^ 

Chemical Properties. Iridiuni is not attacked by Uporiwi* in the 
eold, but on warming to dull redness, vapours of* the tluoride arc 
evolved.^ Also, wlicn employed as anode in the prrjiaration of tlnorinef’’ 
it is rapidly* attacked, ^'hlorifie at rcd*hcal unites with iridium to form 
tlic Iricjdoridc ; a mixture of eHloriny and earbpn monoxide at ‘JIO 'C. 
has no action on the metal ® itltliough plalinuni is attacked l>\j^. 

Finely divided iridium, when hcatec^ to reduetss in air, al>si»rbs a 
certain amount of oxygen, forming an iiidctinite niixturi' of oxides. It- 
is attacked by sulphur vapour at re<i heat, and under sin llnr eondit ions 
phosphorus combines w 'th it to form a fusible pho.phi(^et ' lu*eh_di^*onn 
poses at white heat in a lime furnace, yit'lding the free*! net al.' 

Acids, even aipia regia, have no»aetioi»^^ju ‘.iridium, unless it is very 
finely divided, in widch case it is very slowly nVi’ueked. ^ * 

Fusion with a Jnfxturc of potassium hydroxide and nitrate resuns^ 

* Paal, Bcr,, 1017, 50, 722. 

’ HrosHa* iJctVacA. phtfsikah CIi>cm., 1909, 66, lfi2. A ., 

^Bro:i8a. loc, ci(,; Kemot and Arena, Rend. Accad. Set. Fis.fMat. Napfili^ J909, 
fill]. 15, 125. • 

* Paal, j?cr.. 191f>, A9, 

^ Bunsen, Annaltn^ 1808, 1^6, 20*. , 

* E. Cohen and Bfrengers, ZeiUch. Chem , 61, 0(*8. 

’ Moissan, Lc Fluor el AtA ComfoAi.s^ i9(K); Wwi^yjkr., P,* :t, 46. 920. 

^ See this Series, Vol. VIII. 

Antony, Oazzeitfl, 1892, 22, i, 275;* 1892, 22 ^ ii, 547. 
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in ilie foniuitioii of iridalcs.i Fused with potassium hydrogen suljdiate 
it yicRls the scsiiuioxidcf^ lAlkalis alone have no action when fused 
wK-li iridium 

IL'ated for sorn(| hours in a Bunsen burningt wi*^h a smoky IkiiiiC; 
an iridium crucible is unharmed, since the deposit of carbon can be 
wilirely burnt away.* Sulphur in the gas# is likewise without effect. 
Prolonged igfution with copper renders the met|l brittle, but the copper 
can be burnt off.^ • • 

When stri[)s of iridium are heated to high temperatures in carbon 
monoxide or in nitrogen, no*loss in weight occurs. In carbon dioxide 
and in nitrogen containing oxygen appreciable losses in weight occur* 
at l/iOO" C, upward! This is attributedi to the formation of oxide, 
which is volatile at these high temperatures.® 

Atomic Weight. — Approximate Value, — That the atomic weight of 
iridium is of the order of 193, and not a multiple or submultiplc of 
this amount, may be gathered from several lines of argument. The 
mor{^ important of these may be briefly summarised as follows : 

(1) 'Fhe specific heat of iridium between 0*^ and 100^ C. is 0 0323. 
Application of the Law of Dulong and Petit leads to an atomic weight 
of 19S, yie atomic heat being taken as 6*4. 

(2) A study of the chemical properties of iridium and its compounds 
shows that, whilst closely resembling platimjm in many respects, it 
forms a litting link between that clement and osmium. With an 
atomic weight intermediate in value between 190*9 (at. wt. of osmium) 
and 195*2 (at. wt. of platinum), iridium falls into a suitable position 
in the Periodic 4\ible where these analogies arc recognised. 

(3) Iridium sulphate unites with the sulphates of the alkali metals 
to yield a s('ries of well-detined crystalline salts known as alums. These 
are isomorphous with the belter knftwn alums of aluminium, chromium 
and iron. Application of iAUtscherlich’s Law, therefore, j)oinls to their 
having a composition rc[)rcscntcd by the gcm‘ral formula : 

MoS04.Ir,(S()j3.24lL,0, 

tliat is, a molecule of the salt contains two atoms of iridium. Analyses of 
these substanei's ])rovc the atoinje weightfof iridium, theref^rt , is 193*1. 

Kiuu't Atomic -The first determination ot the atomic^ weight 

of iridium is due to Berzelius.^ Ilis sini|lc analysis of potassium ehlor- 
iridat treads to the very liigh^value Ir 196-7. 

This value was not supjilanted until Seubert's analyses of ammonium 
and potassium chloriridate were published in The salts were 

ignit^l in a stream ^)f hydrogen, and the residual metal weigl.ed ; in 
the emSe of the potassium salt, of course, the metal was obtained mixed 
with potassium chloride^ ^vhich # was dissolved out, recovered by 
4 jvaj^i;ation..wnd weijjlitd. I'he results were as follow ^ : 

7 expts. ^ (NIl 4 ).JrClg : Ir : : 100*000 : 4.3*732 * whence Ir = 193-3S 

8 expts. * Ir : : 100*000 : 39*tkS0 „ Ir = 192-99 

8 c>^pts. K drG4f : 2KCI : : \00*000 : 30*820 * „ Ir = Wg-SS 

8 expts. KilrClg : 4C1 ; : 100*000 : 29*291 „ Ir == 193-26 

• Orookc^, }>oc’. Roy. Soe., 1008, 8o, a, G35. 

> ftmicli, Monahh., 1905, 26, lOll., 

• Berzelius, Pogg. Anmlen^ 1828, 13^ 435. 

« Soubert, Ber.?1878, ii* 1767. 

• The aTffoceclont data in the calculations in this section are as follow * 

0 « W OOO, N « U OOJ. H = 1*«0762. Cl « 35*457. K 39100. 
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la Joly^ determined the pcrceajhges of poti^siuin caiohd^ 
and iridium in the salt IrClj.SKCLnll^O, lyW.thc percentage of iiTdium 
m the sai; IrCl3.3Nll4Cl : # 


3 e.ipts. Ir : 3K(1 : : 100 000 : llo-818 ♦vlunce It VJli 07 

2 expts. (Nll 4 ) 3 rK'l 6 : Tr : : 100 000 : 42 003 Ir -- 19:127 

Determinations of t!ie percentage of iridium in ammonium cliJor* 
iridate were mad<?by lloyrmiann * in 1911 : 

5 expts. (NlJ.dilr('lu : Ir : : 100 000 : 43:030 whejue Ir 192^60 

a*nd by llolznuinn ® in 1912 : 

4 expts. Ic : Ir : : lOO (HH) : 1.3-731 wlicmv Ir IWi lO 


The preceding results fall considerably short of the nuuh rn slandard 
of atomic weight Avork, and further determinations of the atomie weight 
of iridium arc desirable. Arehibald,** iu 1909, announeed tiuit he had 
determined the value Ir = 192 90 from au.ilyses of potassium iridi- 
chloride, but no details of the work have yet been published. 

The International Committee’s Table fur 1921 gives 

Ir - 1931. 


Uses. — Iridium, both native and alloyed with platinum, is used in 
the construction of seientitie a])paratus. The native metal, on account 
of its hardness, has been (employed for jiivots, etc. Alloyed wiin 
))Iatinum, ebielly for stiffening purposes, it has found a])pli(*at ion iik 
the rnanufaelure of surgical" tools, since it is pernumeiit and non- 
corrosive. For the same reason the alloy coutaining 10 per cent, of 
iridium was used in the construction of t ie standard metre and 
kilogram. 

Iridium black has been used for producing a black colour in the 
decoration of jiorcclain.® 

Alloys. — With the exception of those obtained with atlied metals, 
the alloys of iridium are unimportant. Osmiridium has already been 
described, and platinum alloys are dealt with in tlie secjuel (see p. 208). 
On heating to redness Avith tin, ’the compound IrSn^ is fihtained in 
cubical cfA^stals which may be ijolated from the excess of tin by treat- 
ment Aviih hydrcK'hloric acid, in Avhieh the latter dissolves.® ^ 
Iriciium dissolves in lead,’ but Avithouf forming any deliiiite M>ni- 
pound. With copper, a pale red alloy is produced,® v hieh is fairly 
ductile and harder than copper. Nitric acid effects the ' .Wi of the 
lead and copper respectively, in the two foregoing hllo} s, -.he 

iridium behind as an insoluble residue. ' 

Iridium yields no definite compound with and pci hups pot 
Avith iron.® • • 

* Joly, CoMpt. rend.t i890, lio, 1131. 

» nayermann, Siiz. phyjt, mcd* 802. Jlrlangtn, 19U, 42, 278. 

* lk>izinan/t, 1912, 44 , 84. 

* Archibald, CAcm. 1909, 100 , 160. 

* Frick, Annales Afijits, 1836, 7 , 487. 

* Dcvillo alld Debray, Ann, 1869, 56 , 385. 

’ Deville and llebray, Con^, rend., 1882, 94 , 1657. 

* Vauquelin, Ann. Chim. 'Phye.f 1^14, 89 , 225. 

* See Faraday, Phil, Tram., 1822, JI 2 , 2.'i3; Berrftlius, Poifff. A*\^Mkn, 1829, 15 , 
213 Deville, Comj4. rend,, 1875, 80 , 689 ; ^uaaingauit, Compt. rend^ 1875; 82 , 691. 
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i^oys 01 iridium witli silvS*,' gold,* ruthenium,® osgiiutn,^ and 
platinum ® have been pr^plrcd. 

Iridium rcndcfs platininr/ stiffer, and is for this reason ftequenjtly 
added to this mctai|When required for crucibles, ^tc. For high tempjra- 
tmc„\vork it has the disadvantage of rendering the alloy subject to 
proportionately grea^r losses in weight at temperatures above 900® C. 
m consequence of volatilisation. Below 900° C., however, and up to a 
content of 8 per cent, of iridium, the loss in wfjight on heating is 
negligible.® 

IriMum Amalgam is nolf formed by direct^ union of ordinary iridium 
and mercury. It has been prepared, however,’ by triturating with 
inercury the dull grey, brittle metal saturated with hydrogen after 
being submitted to prolonged cathodic pulverisation in vacuo (see p. 281). 


IlilDIUM AND FLUORINE 

Iridium is not attacked by fluorine in the cold. At dark red heat 
a reaction sets in, and at a higher temperature a volatile fluoride is 
obtained in the form of a heavy white^vapour.® 


IRIDIUM AND CHLORINE 


Iridium Monochloride, IrCl, is obtained ® by decomposition of the 
. dichloridc, Ir(Jl„ by ignition in chlorine at about 790° C., its range of 
stability being 778° to 798° C. in an atmosjihcTc of chlorine. It yields 
coppery red crystals of density 10*18, which are insoluble in bases and 
acids, eyen in concentrafed sulplwric acid. 

Iridium Dichloride, IrClj, was stated to result as an olive-green 
powder when spongy iridium is lieated in a current of chlorine,^® although 
Claus H regarded the product as a mixture of the free metal and its 
trichloride. A .similar substance is obtained by the action of chlorine 
on iridium sulphide.^* 

Wohler and Strcichcr,^® however, have prepared the ' dichloride by 
ignition of iridium trichloride in chlorine at 770° C., and thus placed 
its existence beyond all doubt,* It is e crystalline substance, brown in 
colour, and insoluble alike in acids and bases. Its limits of stability 
are 763° to 778° C. in an atmosphere of chlorine. Above 773° C. it 
dissociates into the moJtochloride and free chlprine. 


* Yfraquclin, loc. Tennant, Phil, Tram,, 1804, 94, 411. 

^'Tohnant, loc, cit. ; Miotschke, Bera.-ffultenmanniscAe ZeKuna, 1900, 59, 01. 

^ * Devllle and Bebmy, {oc. , 

: « Soo p. 212. . 

* Burgesw and Sale, Bureau 0/ StandartU, Washington, 'No. 1915; Burgess and 

,Waltenb<*i*g,i6w:., No. 280,1916. / ^ ^ 

^ Rother, Ber, K,^Bach3, Qea, Math^Phjf9, FL, 1012, 64, 6 ; J, Chm, Soc./ 

lots, X 02 , ii, ino. ^ < 

; . • Moissan, U Fluor et see Composes, 1900, Ruff, Ber., 1913» 46, 920, 

t : • WdWer and S'treioher, Ber.i 1913, 46, 1677, 1 

ii: Bev&elitts, TraiV de Oti'mie, 2nd ed., 4, 340. 

Ir XI Clans, J. pra^. CAcm., 18^, ^ 9, 10^ ^Beiirdgt ear Chemtdor PMnmeia&p, 1||M| 
Fellenberg, P099. wiMNolea, 1840, 50. OO., 

Yt/XKI&M ttnA.filiwAt/.'KM*. Lm*. iA - * . 



ror niaqiy years. However, it lias been Kn||ni Uiat indiiun ciien|pnaf 
can exist in combination with certain otlW stable salts. Thus, ilitf 
following complexes have been de.scrib«a^ : TrCI^j.IIjSOa.iNII^CIi 
IrCl^.(Nli4),S03.2NH,Cl + 4HA and IrCIj.Kjl^ )3,:>N1I4C1 + iUfi. 

fedium *Trichbride, IrCla, is most convcni 'nUj*^ prcpart d * by 
heating the reduced metal— obtained by prccipit.»tiop. from an alkali 
chloriridate solution with magnesium — with sodium chlorulc in a 
current of chlorine at 600® to 620® C. The reaction is complete in a 
few minutes. The limits stability of the salt under these conditions 
lie from below 100® C. up to 763® C. Above this latter temperature it 
dissociates in an atmosphere of chlorine inlo iridium dichloride and 
chlorine, and at still higher temperatures (773'’ v .) inlo the mono-- 
chloride. 

Iridium trichloride is also obtained by heating ammonium chlor- 
iridatc or iridium tetrachloride in a current of chlorine at 440® C. and 
cooling the product in an atmosphere of carbon dioxide. * 

As obtained by the foregoing methods, iridium trichloride is a 
crystalline substance, olive-green in colour, of density 5-80. It is 
insoluble in water, alkalies, and acids; even concentrated sulphuric 
acid and aqiia regia having no action upon it. It is appreciably volatile 
at 470® C. 

An almost anhydrous siilt is obtained by heating the yellow powder, 
produced by the action of sulphuric acid upon alkali clilorlrlditcs, in 
hydrogen chloride at temperatures up to 500® C. The colour remains 
essentially the same, and the composition of the proilu^’t approaches 
very closely to that of iridium trichloride, with small quantities of 
hydrochloric acid and water, the formula being IrClj.mllCl.wllgO, 
where m and n, hoAvcver, arc but small fractious of unity. 

The product is different from ordinary iridium trichloride, howx*ver, 
in that it is deliquescent and soluble in vyater. On concentrating the 
solution and drying the product at 100® C. a sesquihydrate is obtained,^ 
2lrCl3.3HA This dissolves in water, yielding a gmgjish yellow 
solution. Silver nitrate gives, with this solution, a precipitatci which 
upon drying at 110® C. has the composition IrCla, A/jOH.* 

The salt described in earlier liferaturc as the tetrahydrate, IrCl^ , 4H2O, 
appears l>c an indefinite mixture of the trichh>ride with water and 
hydrogen chloride, as represcntpcd by the formula Ii’Cla.mllCl.;^,!! A 
where k is less than unity.® 

Hexachloriridiies, MglrClj 

Iridium trichloride readily unites with chlorides of, the alkali 
yielding chloriridUeSf of general formula MalrCle. 

Potasdiim Chbririmte, K9lrCl3.3H30, results (1) whe^.' ix^tassiuh^ 
carbonate and chloriridate arc h^ted to redness; (2) *V treating 
potassium chloriridate fh hydrogen chloride at 440® C. Some iiiso'ublCi 
ttidium trichloride is simuitaneqpsly produced ; (3) ^t is also* formed 
by reducing^ suspension of ehbriridate in* water with stdphiir dioxir!^ 
hydro|(cn sulphide, or nitric oxide.* The salt crystaUiscs in oU^e 

* Setibert,J^., 1876* xr, ™i. ^ ' 

* Wohler fad Btroioher, loe. cU , ; bMcd on the method of Claris, 64. 

9 Oompf. rend., 1899, t29i 1240.* 

* Deieptne, raid-, 1914, X$8| 264. 

* Deletunc, ibid,, 1911, 153, 60. 

« lieidfef 1900, 131^ 8^. •. 
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clllorescc irf, the air, and arc readily solul% in water, 
altlioii'di insoluble in alcioltd.^ 

K;jlrCl6Vll2(), was prepared by I)iiffoui*2 by tlic 
ol' h\’droc}jb)rie aeid upon the double ojcalatcs of iridium and 
pol.issiiiMi al. l♦oilin.lf ieinjxTature. It yields ^reenisli brown ortlio- 
liiomljie crystals, isoiliorphous willi its rhodium analoifue, K3UhClf;. 

'rhe a(|ueous solution on ])rolon;^^ed boilin'^ deposits an oNvehloride 
in I he rorm of a {jjnrn powder.’* Chlorine wafer or*a^ua re^ia converts 
ili<‘ sail into llu* ehloriridale. Addition of excess of alkali to a solution 
of lli(‘ cliloriridite in waterMoes not cause a,]>recipitale to form, since 
the ses<|nioxide dissolves as ra])idly as formed (vide infra)^ yielding m 
(,liv(> (..nrn st)lutionT 

Sodium Chloriridite, Na^Irt'lg. !2II.0,^ is prejiared by lu iiling 
sodium ehloriridale to 410"* C. in a. current of liydrogen chloride/' It 
may also be obtained by reduction of the cliloriridale with hydrogc!! 
sulphide/' or with s<ulium oxalate.’ 

On eoneent rating its a(|ueous solution, blackish green crystals 
S(‘parate out,^ which melt at 50” C., dissohing in their own water of 
cryslallisat ion. 

Anrnonium Chloriridite, (Nil i);drClg. A<i., ])r(‘])ar('(l eilluT by reduc- 
tion of ammonium ehloriridate or l)y dfcomposing the sodium salt with 
conciaii ral('d ammonium ehlori(h* solution,'' yii'lds dark, olive-gri'cai, 
<»rl horhoinbic prisms, *^Mvhieh n'adily dissolves in water.** It is pro))ably 
i\\v iu(ni<dnidntt(\ (Nil ^);.Ir(.'l,;. ll/).*- Upon ignition, metallic iridium 
alone remains, it\ spongy form. The dee<)m[)osil ion lx gins to bt: 
apprc'ciable ju'’;t abov e 200’ C. 

'I’he ehloririditv's of Thallium,* Silver,** Rubidium,* Caesium,' '* aiul 
Barium *'* have been prty)ar('d. 

Aquo Chloriridites. d’he chhfririiliK's are decomposed by I real men', 
with water, yielding a(jUo derivative,, of ’general formula M^Irt’l^. II./ ). 
Thus ; 

* n M.,lrCI^, 1 lUO MJrCl^.II/) 1 MCI. 

Sevaa’al of lhes(' a<jUo salts have been is('l;itetl.' '' 

Iridium Tetrachloride, IrCl.,, h.as j)eeri pre.pared in a varic I yof ways, 
notably : . . 

(!'} Ity evap«)rating ammonium ehloriridale, (Nil jbIrCl,;, w/th a([ua 
regia, or chlorine vrater, whtavby the ammojua is exiiclletl. \ 

^ Diifd, linlL jSor. Min., IS'H), 13, 20(J. 

- DiilTour, nwx/., U.U2, 155, 22:!, 

’ ' lSt7. 42, .‘t.M. 

‘ li 'xlu' givoa lOlljO. givrs \2H.2O. 

’’ (\nnj>t. nnd., ISUO, 129, 12I‘>. 

’’ Cl uis. li, ilrjijt- zur efu inic <hr Idutlnun tnllv, tsrit. 

' ni'Ti'l^riVvb i'onipt. rend., IIHXS, 146, I2(i7. 

UluMubnhodnvl (Marigixu-, dulirtwher. Min., ISTA, j). loS' or iiKxxx liriic (Kaonroilt 
jv>ul IMivhiub, .infuden; lSo2, 81, 120). 

■* Clans, Jii ilrfnj*'} elc., [>. 7r>. 

I.) KofiMsU'in, Annakn, ISrxl, 99, 2Si> ; Dufvt, /'a*. < //. 

Claus, J. pr(i\t. Cheifi., 1810, 39, 101 ; I’nivv bra. Sill. Amer. J., 38, 80. 

Dnlbmr, he. eit.\ Joly, Compl. rend., ISUO, no. 11!>1. 

' * l)v*l« piiu', Hull. Soc. cfiim., 1908, [iv], 3, 900; Compt. rend,, 1908, 146, 1207 ; 1909 
49, 1072. 

Claus. J. prakt. e-hem., 1847, 42, 348. 

hang, ibtd., 1802, 86, 295. 

lX'lcji»iiu>, Cjmpt. rend., 1908, 146, 1237. 
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nv ^iissoivi!v_r iridium Mack or Hu* cj^»\idc in hydrochhy ic at'id. 
'riif soiniioii is (’oncci. halt'd and any hi(‘hjaridc convirU'd inlolt lra 
chloride' 1)V addition ol a(|na renin, ddie prodiu'l s third in itnftr*, 
\vhcrchv i\ l)rt)\viiis]i hlick amorphous residue is id)! im d ^vluell is \ » rv 
lu'^i st)luldt' in wah r. 

(;j) Iritlium h'lraeliforitio may alst) lie ohfaiia .1 ]>\ ihrecl uiiion of^ 
tlie eleini'iilsd the ehloriuo ht iuLf int rothiei'tl undt •' ‘‘.inh prc .ssiu'e. d'lnis 
at (it) (\, in tile ]#! 'seie't of litjuid ehlttriiu', under a })resMire ol* ahoul 
*J0 at niosplua'es. iridium was jadnally eon\erted into I he I et raeliloi ide 
in (i\'e (lavs, whiht a yar uas n.(|uired a' lo' under a pressure id' 
S at mospheri's, 

Jridinm lef rachloi id<' lias been ohtainetl crysta!h<e(i m !h<' form of 
ietrahedra,' hut in tins i'oi'm it. contains water, which is expelled, 
toncthi r witli h\ ilront II <‘h]«»ritle. on laalinn. At higher It'mperal ui'es 
nu'tallie iridium alone is letl as residiitx 

Iridium t et raehloritle is readily retlueed to the trichloride. Its 
atpU'ous solution, tin dilution, yields hy j H'ehlorous :i(‘id and I ht* tri- 
chloride. On }:>»ilinn. a preeij»italc t*l‘o\\ ehloritle is obtained. At Mi I ion 
ol‘ excess of alkali precipitates p.-irf of t lit' iridium as dioxide, tin* 
remainder strn inn in solution as sesipiioxide, beinif pri't'ipif ah il only 
upon utul ralisal ion tif the alka!!. Atldition of altsihol to the alhaline 
solnhou pneipit at es meial'ie iridium, aldehydt's and alkali (oi' ab s 
bein'.: simiilt a itt'ousl V prmhieeil. Ketiuein;.r ajrents. such a ■> .tannous 
cliloiitle. stiljiliur tli' xide. niliii* oxith , hydioein snlpliidi , h rrous 
sulphate. el<*.. Convert the I et rit'liloritle into triehloriile 

Hi \V(ir iiUniriiintcs, M.lrCI,. 

Ii’idimn tel i aehloride unitt's with chlorides of the alkali iialals to 
ibrm ('lihr i, of whit'h the most imi ortaid are: 

Potassiur Chloriridatc, K dr( I,... thi^ is prepareil by iieal ih;yi 
mixlure of iridium ai.tl polassimri eliloride in ehloiiiU’. and pmif\in«f 
the produm bv crvsl ai!i ■ < i ion fioni it s a< pa on,', sojul ion. •i'lie mollM'r- 
litpior contains some ehhuij idite. wuieh, ho^^es•er. may Ix' eon\ t iled 
into the iritiate h)y addition of el.h.rinc water. 'Hie sail may al..«> bt: 
obtained l)y (iei'oinpti* iiii^ sodiiTn^ ehlorh :dat e \\i!h potassium ehloiidt* 
or ])y bt»Uin»: a solution t)l’ Ib.e ammonium salt w it h j)ota--sjum hydi-oxiile. 
It. crystallises in black, reijular •je! .iln dra, wliieh art' but sh^rhllv „ tlnbh' 
in Vid* r, ami insoluble in salurateil jiol^issinm rhha-ide st>lution, as 
also in alcohol. 'I'ht' apueous snlul ion tm boiliiii; is jiai tially th'com: a'th 
yielding the ehloriridile. \Vh< n luatetl stioiiLdy. nietallie iridium ami 
potassium eliloi ide remain. Heated to Ito (’. in a < urreni »i le n 

chloride, tie* anhydrous, insoluble iriehlori»h' is obi.iined, itejelht r with 
soIut)le chioriridite. 

Potassium eliioi iridate is isom< fious witli pid.tssium i d' I iualc, 
K.PtCI,, 

Sodium Chloriridate, Xa is convem.-utlv prep.an d in a 

similiv may her to the polas>>ium sail. H also n'sults whin s(,lnii<,ns 
of iruliuni tetraehloriile ami scMliiun eliloriih' an; ioixmI .and cdD' en- 
trated. 'rhe "alt <j'ystallises in triclinic prisms'* isonati piious with tlu* 
corrcspondiiyi' platinum salt, Xa JMC'Iq.OH/). 

• WrjhUr ;u«j} S4rei<‘l*'r, /?«/•., P.il.’t, 46, 

- 1 iifijf r f! J .V,#. 

^ bufet, null. »SV. IHOO, 1 3, 



NTCKEL, A!}B fjffiSiEOTS OF PLATlUfCnSI GFOpP 

Ammonium ChloriridJte, is readily produetid by decom- 

posing the; sodium salt^w^Ji ammonium chloride in a(iU(‘OHs solution^ 
K crydailises iii^rcnrular oefahedra, reddisli black in (M)lom^, and »])ul 
sli^lilly soluble in cold water, alfhonjdi apjn’cci^ibly soluble in hol.^ It 
do< s not dissojve in solid ions of ammonium or polassium eliloriile. 
VVIu n (‘\ aj)oi:d('d \tith a(pia. rei^ia, tlie «mmoh':i is exp^ iied, iridimm 
lei raeliloride reinainin:.r. 1 baled to 110' C. in a eurn nt oi (*h!orine 
I he iel raelilorid(‘ is lirsl IbriiKMl and dccomposes'dnio the aidiydrous 
tiiehloiide. 

AnmeMiium cldoriridaU'; is isomor[)lioiis with the corn spondinf; 
chlorplal iuai(‘, (Nl I ,)_Pl('b,. 

Ils solid ulily in wab r is <riven as foil isvs - : 

TiMiiperalun* '" (’. . . 11-1 ‘2d-S IV,) i 52*2 (;i-2 d0*:i 

(Jrains of (N1 1 j).Ir(‘b. |)cr 

100 <rr‘inis sohdion . O-OOl O SOO M21 l-aS;} 2 ()(1S 2*710 

'Fhe solubirdy of Ihc salt in water bd.wecn tli(‘se t(‘mpi*ratures is 
jriven approximately l)y tin; expression : 

Solubility O-USO f 0*000 !./(/ ~ 10). 

Rubidium Chloriridate, Hb.^rr(1,j, is obtaimd by mixiuLC a solution 
of iridium Ictracldoride with excess of rubidium chloride, wla n by a 
<leep iH'd, crystalliiu' prc’cipitate is olitained. 'the salt dissob rs sliirhlly 
in hot wat(T lo yield an orauifi'-nxl solution.'* 

Caesium Chloriridate, t's.,lrCl,j, has also liecn pn-pared.* 

Silver Chloriridale, Aijdrdc, is obtaiiusl as a fu^dtivi* blue precipi- 
tate' upon addinir a solution of the polassium salt to silv(‘r nitrate. 

When kept, silver ehloriridate passes into the vtdlow chloriridit(‘, 

AbblrCl.,'^' 

Thallium Chloriridate, TIJrd,,, may be ])repared in a simdar 
maimer to lh(' I'ore^oin^ salt. It yields small opaipie bluish i>reen 
eubi's. Wh 'll lioiled with concentrated liydrochha’ie acid it is eou- 
verbsl into <’!i*ioriridil e, Tl.jIrC'!,., whii*h crystallises out in lamella' 
whieli are broU/.t* tinted. 'I'hese are oxidised by nitrii* acid to the chlor- 
iridate aijain.'' » 

Organic Hexachloriridates l*ave also been obtained.*’ 


IlUnil-M AND BUOMIND 

Iridium Tribr^mide, IrBr.,. III./), may be obtained by dissidvintj 
the TiVdrated dioxide, IrO.>.2ll/), in hydrobromic acid, and evaporatiiiiF 
to ilryness to de(‘omposc 'the tc^rabromide thus formed. Kxtraclion 
with wajy.r /ind sul'sequent crystallisation yields olivc-^rrccu prisms, 
very soluble in watt'r, but insoluble in alcohol. 

At ld.V-12i)' C\ the water of crystallisation is removed. 

* IVli'pino, {\unp!, nuil., l‘.)as, 1 .^ 6 , 12a7. 

^ Hiiutvu'h and KorU'U, Ziihr-h. niumj, ('hrm.^ l',)07, 52, 4(H). Other data wore given 
l>y Vaui-uu'lia. .4 /m. O.tiim., ISII, 89, 2*2S. 

UimVaeli and Korten, hx\ rit. 

* IXdopino, Compt. rcud.t IIMIS, 46 , 1207. 

^ Delepine, Compt. 149, 107:;. 

* Uimb;v’h and Ktnten, ZnV-r//. amrrg, Chftn., 1007, 52, 400; Outhior and hi.*^ co- 
workvTs, ibid.y 10), 4* 89, ,‘Ut. 



iftitmA c5]#6t)Kl>s W- 

An Aqd Iridium Tribromide, Tr]h-.,.r)6IBr.:5irp, is obyitiod as 
small. (Icliquesocnt, steely blue ervslals oil workinjj llie inoilu r-liquor 
from tlu. |>rt‘vious salt for a fiirMier enq) of ervs(a’<. It (liciuiipo^'S 
at 

Like the triehlori(l<% iridium tribromlde uni I is \\dli bromides of the 
alkali metals to form hnnnirtdiits^ the m<*sl impe-zlaiil (d‘ wliieli are : 

Potassium Bromiridile, K ,lrHr...;HI.(), Iom'^-, oli\ i--;;i-ec'u iui’dl< ‘J; 
Sodium Bromiridile, X.t.lrBr,.. brownish Mi-etu rhombohedra ; 

Ammonium Bromlriditc ’ (XI l^).d’ l?r,.|.dL( ). small oli\ (‘-ureen eryslals. 

Iridium Tetrabromide trlb- j, ri‘>ulls w hen I In* liydraled dioxidiy 
IrOo.-IL/), isdissoKed in hydroliromii* aeiil al a low I empei-- ' ,;i On 
wannini^ it deeom|M)ses. yielding tin* tribromide. 'Vii h alkali bromi<les 
hratnh'Ulnfrs are Ibrmed. 

Ilrom in‘ffat(\s, rTiVjj 

Potassium Bromiridate, K drlb-rt, is readily obtained by double 
deeom))osition of sodium ehloriridaV‘ and polassinrn hromidi .* 

It erysl aliises in bluish blaek regular oetahe ira. wliicharc* hul sliuhlly 
solul)le in water. A<jua re^ia eoiua'rts it into polassinrn ehloi'iiidale. 

Sodium Bromiridate, Xa.JrHr^.. Aq., erx'slalli' cs ii> hlaek needh s on 
evaporat ini!; a mixed .solution of sodium hromhlt* and iridium ielra- 
bromide.’ 

Ammonium Bromiridate, (XII ,).drlbv^. separab's as .anall re-pijnr 
oeiahedra mi mixiutr solutions of sodium bromide and ammonium 
ehloriridate. 'The eryslals are blui* in eohmr, and bii: sliejilly so* ’ ’ 
ill (*old water.' 

Iridium Oxybromide luis been obtaineil by beat ini;; iridium dioxide 
to .'jno (\ ill a elosi'd vessel with bromimx It yields bla(‘k imkIKs, 
soluble in wat(*r, for whieh the. forim la (IrIJr has been suien sted,^ 


. IHIDILM AND IODINE , . 

f 

Iridium Tri-iodide, frl.,. -'fliis salt is s(al(*d to occur when potas- 
sium iodiridale and ammoniifiu chloride so!nli«)ns an* mixvd, iodini* 
and the tri-iodide s( |)aratin^' out. 'Flic forim r is removid hy tn atin^r 
with ali^>liol, the tri-iodide beiju' left as a /^reenisli ]>o\vder. 

Potassium lodiridite, Iv;{TrF(;, is oblaimd in jin* form^'i/T ..mall, 
arei'ii crystals by tin* action of ))otassium*i<>dide on iridium t riehloi i<je,,^ 
Ammonium JUid Sodium lodiridite buv< bei n prepared. 

Iridium Tetra-iodide, Irl„ results when a solulio of ammonium 
ehloriridate or of iridium chloridi* in hydroehloiie aeivl . Ixffi^ ri^with 
])otassiuin iodide.* It is preeipitat^j d as a hlaek, imoluhlr powder^ 
whieh decomposifs at 100"’ C. 

Potassium lodixidate, 1x211*1^, •is harmed vda n a solution' of iridium 
chloride is added to one of potassium iodide. soli;ti..n*!s lilhicd, 

and the io^liridate obtained on erysl allisaj ion as (h^k brown oelalKdra.'' 

Sodium and Ammonium lodiridates have l>t en prepared. 

^ Rirnttauni, J. pr^/iti. Chem.^ isr).“», 96, 207. 

2 Conipl. ISIM), no, 

® Oppler, Disv rVilion^ Gfittingcn, 1857. QuoUd by Mot.^aan, 7VaiW de. (Jhinm 
tnwende, 1000, vot. v. • 

* Lassaij.'nc, J. Chiin. vn^d,, 18.35, i, C7, 

* Oppler, /oc. cil. 



i8 COBAr/r, NICKIOL, AND ELI^SIENTS OF J’DATiiMUiyL Mnuui- 


II{l,nijM AND OXVGF.N 

Iridium Monoxi<je, IrO. -It is (louhtful if this oxide has ever been 
l)l:nnr(| in I lie stni rj • 

Iridium Sesquioxide, b*/).., is oblaiiK^d J>y innifincr iridiiiiii sulphite, 
r l>y fnntinn' an alkali ehl(>riri(lat(‘ vvilh twica* its AVeiijfht of earbonaie. 
'!h‘ pi'ndiicl is wasla-d ^vilh hot wat<‘r, ai\d t la* eolloidal I’csidue tia-altal 
dill a. Noliilion of aninioiiimu chloride to (ITcet its eoaL>nlation, and 
iiially with nitric acid and »dricd, the acid s(‘vvint,^ to remove the last 
rac(‘S of alkali/*^ 

In an impure form iridium scsrpiioxide is obtained by mixing liot 
olulions of ])otassium liydroxide and sodium ehloririditi' in an 
itniospla re of carbon dio\id(‘. Tlie solution is evaporated to drviu ss, 
ind tie' r('sidu(‘ heated to redness in a eurrent of carbon dioxide. 
Mirllier ]Miriliea.tion is (‘ffeeded by boiling lirst with sodium hvilroxide 
lolution and tlien with sulphuric aci<l.‘^ 

When lu’ated above too ’ ('. iridium sescpiioxide decomposes, yieldinir 
'uetallie iridium and its dioxide, a little oxyi(en bein^ likewise liberated, 
ft dissoK'es in hvdroeldorie acid, yieldini' a colloidal solution. 

Hydrated Iridium Sesquioxide, Ir^O.f.oUgOJs obtained as an olive- 
:(reeu prec'ipitatc' on addition of the re<pusit.e (pianlity nf potassium 
hydroxide solution to one of ehloriridite. If (‘xcess of ])otash is taken 
no precipitate ap|)ears, since the sesquioxide dissolvt's as ra])idly as 
formeil, yi(‘ldin|' an oli\ e ^ri sm solution, from which, howe\er. it is 
pix'cipitaii'd on^addition of acid. 

'Phe precipitated oxide readily oxidises in air. It dissolves in 
acids to a vadlowish ereen solution. The alkaline solutions nadilv 
oxidis(‘ on boilim^^ in air or on addition of tiydroj>en peroxide, the dioxide^, 
beinir precipitated {vide infra), lloiling them with .aleolml causes 
reduction to iridium black."* 

Iridium , Dioxide, lr(b' obtained when potassimy iridate, 
Ir().,.*JK2().lb/v)v is heated with, excess of potassium bromide aial 
chloriile. Tln! null is t'xtraeted with water, the iusolulili' risidiu' 
treated with atpia reeia to diss*>lve any' unehaui/ed iridate, and liuallv 
dried at 100’ (’. Pla' product tluis olaaincil is [>ur(\ crystalline iridium 
dioxiihv"' ^ 

'J’he same oxide«results, hut in an amor})hous (‘ondition, wheiV (iiu'lv 
divided iridium is lieated in a enrrent of air or oxy^i'n to bright redness. 
For eoniplote oxidation tlio n'aetion must lie continued for many lunirs, 
until a constant wgi'lit has been reached.^ tlie melal beeomaig black. 
TbcbpV'imum temperalnre hw Ibis reaction is 1070' C.’ 

, Finally the anhydrous (tioxidejs obtained by healiuji? the hydrated 
oxide t(^ 7(jlF/F. 

When heal oil, iridium dioxide uceomposes ‘inVo oxygen and the 
• « ' 

* Wi'UiKt !iiul Wit.ziw tnn, Zeit.'.rh. anorq. Chc'H., 1008, 57 , 323. Cumpare Ciaas, ,/. 
pralL tVu'hi., IS IT, 42 , 350 ; Dc^villc'/uvi Oolmiv, (-ompt '. rend., 1S78, 87 , 412 ; Sc»’bort, 
Bcr.V 187S, II, 1701. 

" Clnu'^, hH\ cit. , 

^ WotiUv; aii't Witzmauii, ZtiUrh. aiumj. Clieit]., I0l>8,f57, 323. 

* Birnbiiiun, AminUn, 136, 177. 

rjoisDnbt'imor, Compt. rend., ISOO, no, 8.55. 

" Ooisonhoiinor, \oc. ed. » 

' Wahlor and 'Wit/inann, Zethrh. KhUrochcni,, 1008, 14, 07. 
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metal. T^e dioxiile and melal art' miitualR soluble to a eertayi 
so that after a certain amount of d('(*oin|)o}itiou has o(‘eurn‘(l the solid 
phase ednsisls of twi' saturalrd olullons, and yjeWs a eons! ant ilis- 
S( vial ion pressured ^ 

Iridium dioxide is readily reduced to the mtaij hy lualinjr in 
. h} drou(’n. . ^ 

Hydrated Iridium Dioxide, IrO.j.lJrid). n suits (I ) when e xcess of 
caustic alkali is fftlded t?> a solution of ehloriridate or of iridium I el fa- 
chlorides Any ses([uioxi(’ simultaneously produced j>asses into solu- 
tion, hut i.. e<^nv''r(( .1 into the dioxide hy ’aoilinn- in air, hy addili(»u of 
hydroiren ])ernxide, or liy passinjr a current of oxyen thn uj^h the 
solution. 

(‘2) On additimi of alkali in the ]>resenc<‘ of air to a tli>uhle sulphate 
of iridium.- 

(it) On h(»ilinn- for several hours crystals of polassimn iridatc in a 
solution of auimonium chloride. The crystals an' Lrra<lually con\( ried 
into a Iloeenlent jireeipil .-he of hydrated dioxide*, ammonia laimr 
simullaiH'ously evolved.'* A similar preeij)iiate is ohtairK'd on hoilinjr 
the hlue solution formed during the preparalion of ])olassitim iridatc 
{vide infra) with excess of ammonium chloridi*. 

'fhe precipitated oxide (‘an oe obtained in a veiv pure stale* nt this 
manner, hv drvin^ in carbon (iioxide* at inn (\, then hoiliu:* with 
.•ilkali onc<' mots*, and finally with sulpimrie aeidd 

(1) On h('atin,<f to risiness for two or three* hours a mixture of finely 
di\ id( (l iridium and sodium hvdrevxide and nit rale, 'fhe' mass 
extract e<l wit h water, lea\ ini» I he hyelrated oxide* as resie^ a*.’* I’l ' hahly 
a. sodium iridatc, anale)t*(>ns lei tlie potassium salt, is feirmeel. A\!ne*h, 
heiiiH- niislahle, is e{e*eompe)se‘el ehirin^ the* e*\traetif>n with water. 

» 'flu ee>loin* e)f iridium diejxieh* «l peneis t- a larye e*xtenl upon the 
h> (hat ion. Dried over e*one‘e.*ntrat(‘d sedpt nri(‘ acid it contains two 
molecules of water and is black in colemr. \Vh n la'ateel to TOO' f. if 
bceom‘'S ;inhyeli’<>us. ^ • 

CoUnidid Iridium Diouidr is obbdned by mixing ».)littions ed’ pnfas 
sium hydroxide and eliloriritlaie in fhet cold, the* seilulion gradually 
bceorninyf \ iolef in e(»lonr,' aiiet Im.dly Ihe violet die-xide separates out. 

boiled, the violet, solution hceomes bine, att ribnl ablo, peiiiaj's. 
to a^are .^ntion of eolloidai pai Wie-l - s. 

ir'dimn dioxide also exist*- in eolk.iel.*d form in* solid ion-*of)l .dni-d 
by dissolving the* amorphous nxidi in liyelroeliNM’ie acid. 

The nutnohjfdrutv, does ml appear to exist, bid I he ^ 

i)otassiim\ salts, nlrO.i.K .O and I ‘2lr().,. K .0, are etunie-vt to ha\ e' hren 
isolated.- _ ' / “ ‘ 

Indium Tnoxide, has la t lieen isolated in a jnirr slate, and 

appexirs to be unslahle in the ah* ' nee eif alkali.* Oxyai^'i 's ahsorlK*(! 
when the dioxide isju’atcd with afkali in oxyaei. hut not in the '‘uoimt 
theoretically reejuireet to eoinejt the whole int(» ti^oxide*.* 

])(*iassium salt, * KgO.^lrO;^, is •deserihed as re'sultin^r wlien 
potassium nitrate* and iridium are. fused toge ther.'* • 

^ a?*l ht m laes, a7. 

LcctMj lie Boi.sbmwfiiin, 0>j7e/'/. rind., I l.V>U 

^ Guisi'nlu inior, loc. cit. , 

* WrjhleT and Witzmann, 9 !Jo 7 -f; 7 /. anor^i. ^ If* r 57, 

Le idiu and .Toly, C’c»W7>/. rer/d., isy.'"i, 120, JiGl • 

® Clan^^, J. j f'jl.'i. Vhem., IS40, 39 , lOI. « 
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Anniyj(‘r pol.issiuDi sjilt,|Tr03.2K20. IIX), is said to be c^jtained on 
licMliiV^ Ini’ a I'ouple of lu)i(rs finely divided iridium uith a mixfure of 
))fttnssium liv(lioxtd(.‘ en(f nitrate. The black crystalline mass 
is readily soluble in,)H)tash solution, to which it jmpurts a blue colour.* 


IIUDIIJM AND SULPiyjR 

Iridium Monosuiphide, IrS, is stated to result on hcatinfr ilnoly 
divided iridium to naliiessdn sulphur vapour,- but it is doubtful if it 
lias e\'(‘r been ()})laiMed us a separate ehemiea'l (■ntity. 

Iridium Sesquitulphide, Ir.^S^, is huaued by j)assinj:; hydrogen 
.suljiliide into a slightly acid solution of a chloriridite at lOO"^ C. 

It is a black, colloidal substau(‘e, soluble in a<pia rc<,da, ^'ivintr an 
iridium chloride, and (lecomposable at hijrh teanperatures, yicldin<^ 
m(‘fa.llie iridium. * 

Iridium Disulphide, IrS.^, has been prepared in a variety of ways, 
chief aiuonj^' which arc : 

( 1 ) llialini,^ ammonium ehloriridate with suljdiur.'* 

( 2 ) Aclinic on tinely divided iridium with an alkali polysulphidc.'* 

(Jt) f*assiny^ hv(ln»j'’en sulphide, over^lithium chloririditci at 1 - 7 '^ (\ 

No action takes place below 0 * (b, whilst above 10 ^ ('. the salt is rapidly 
attacked, IVee sulphur separatinij. The product is ri'peatedly extracted 
wit h absolute alcohol and dried at !)() - 100 '^ C. in caibon dioxide."* 

Iridium disulphide is a brown powd(‘r. Moist air has no action on 
it. llcat('d l<C*‘>t)t)' (k in air, sulphur is expebed, metallic iridium 
remainiuo behind. Hydrochloric and nitric acids do not affect it 
allhouifh fuininif nilri(; acid aind aqua re<i;ia. effect ils d(‘com|)osition. 
It is rt'duced to a lower sulphides at red heat in a curia nt of carbon^ 
dioxide. 

Iridium Sesquisulphite, Ir.,(S03)3, may be obtained by expos! n^^ a 
susjjcnsum qf the hydrated dioxide in water to a curnaU. t)f sulpliur 
dioxide. I’hc^ liquid becomes ^ue<*nish in colour, and on standin<jf 
elcposits a villow, (‘rystalliuc preeij)itate of iridium sulj)hitc.‘» This 
salt is but sliiddly soluldc in waiter. AIRalies convert it inb) th(* sesrpii- 
oxide, which, upon exposure to air *(»xidis<*s to the dioxide, .Voids 
liberate sulphur dioxide, eouverrin^ the# residue into the eoiTes])ondiu»jj 
salt of iralium. JVhen ignited, sulpliur dioxide is expelled ?an(l a 
residue of iridium sesquioxide is obtaineil. 

A second substance eonlaiuini' sulphur dioxide is (l(‘serili(‘d by 
Hiruhaum as formvil as a black, amorphous, insoluble residiu: durinjr the 
preparation orthe fori'^oinj^ sesfjuisulphite. He reujards it as a basic 
, sulphite of tetravalent iridium, JrOa.SOj.HIjO, but .it may ecjually 
well 1)0 a sul})bttte. 

Iridium ses<iuisulphite combines ’with siilphilVs' of the alkali metals 
to yielil donbK’ saltvS Of those the best knowai are : 

Potassium Iridium Sulphite, .*H\2vS03.Ir2(S0;j)3.()H20, which may be 
Mv: K.jTr(SOj,)3..*Ul X), to show an analogy with the constitutions 

' (JolsoTilu'iiner, Com pi. rend.^ 18D0. no, 8o5. ^ 

' nem*Ii\i», Poijg, Anmilen, 18’2S, 13, 4ls;’> ; 1829, 15, 208. 

■'* VanquHin, Ann. Chim. 1814, 89, 23(). 

* FclU'K JCijj:, AnnaJen, 184f», 50, 60. 

< Antony, Ihzutia^ 1893, 23, i, 190. 

I’Jirnbiuim, .tunutcn, 1803i 136, 177. 
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of the iriii-nitrites nnd iri(li-cyani(l('< (U'selbed in tlic s(‘(|iipl.^ yie smt 
is ohtaiiu'd as a brown, ervsta]liiu\ incolub'c mass on acidiiiij pofassiuni 
carbonate to a solnlion of iridiuni snij>b\ted ^ 

, (dosely nvsoniblini.' the fore^oinLf salt is the vr^monium deri\'afivt\ 
3 (Nir,,).sV), 5 . Ir2(S03)3..‘Ur/). 'rhe (‘oinplex ehlor-Miij^iiles : 

‘Jiv.SO,. Irt I.SO„ :;K( I. K>S(),. [rCI *S() .2U\X\ 
2K>S(),.K\S(V,JrrV>/JKri.12lI/), and IrC 1 1 H.SO, 

have also be( ii ]a-( })ared. 

Sodium yields a snlphito, of (ornnila .‘^Na .SO.j. lr.^,{S(),),.sn.,(), 
obtained in a similar mamu r to thr ammouium ami polassaon sallsd 
An acid sulpliite, .‘hXa^SO.,. It^SO.j. IrSO.^. A(j.. and a i Sifa d snlphit(‘ of 
formula I^Xa^SOy. IrSO.j. lOll.X), have jjcen (h seribc'd. It is dillienlt 
to believe, however, that many of the ton i^oini^ <‘om[)lexes are delinite 
clicmieal (‘idities. 

Iridium Sesquisulphate, Ii^tSO r I L(), is ol)lain('d hy dissolvinj? 
the hydrated sesrpiioxide in dilute sulphurie acid ami allowing it to 
erystallise in the absence of air.* 

Unless special pr-.-eanlions are taktau the j»nMlnet has a vi«)lel colour 
dm* to the presence of h'idimn in a hiyher slate of oxida^ioJL Ity 
(‘I'h'etim^ the pn'paration of iffe salt in vnena yelhnv crystals of ses«pn- 
snlphale are obtained, whieli dissolve in wait*!* to a brij^lit yelluw 
st)liitioi\. Exposure toaireansts tl!e solution to turn violet in;mediately, 
}Kirticularly if the v>lntion is dilute. 

If'iilinm Alnins, M ,,S() 4 . 1 r 2 (S(),)n.‘.itll/» 

Iridium suljdiate, like the sulphates t>f cobalt ami ihodinm, unites 
with the sulphates of the alkali me»als tt) weld a s(*ri(‘s of well-detimd 
erystallim* salts known as alums. Ihese an; isoinorphous with the 
Ijctler known alums of aluminium, ehrominm, maDi^niuese, and iom, and, 
form an^interestinii link betwetn tlu'sc metals and tin- central vertical 
column in Cironp VIII, of which iridium is th(’ lowest i#!®mlKT. 

Potassium Iridium Alum, K 2 S() 4 . Ir 2 (S 04 );, .21Ii2U* is obtained ’ hv 
inixin^^ the*re(piisite (piaiititWs of solntioiis of potassium sulphate and 
iridium si'stjnisuljdiate in varnt^iwu] et)ne< rit ral iiii^ over sulphuric acid, 
After ft’V'cral days the salt ervsi allisfs tait from I Ik* syru|>v soliifio!! as 
yello V oftahedra. These he^m to melt at al)oul U(\' an E^^^ ;npietely 
melt at 102' to 10.*V^ In a liot-air baflt they lose all their eombiue^l 
water, becoming and lluu violet ijt colour, 'i'he prodm a. how- 

ev(‘r, remains soluble In water, unless tin.* temperatiir; of desj(*eatioii 
exceeds 100^ E. At Jv(l heat a basic snlphale 's ol)iain d ktII as, 
metallic iridium. 

Ammonium Iridium Alum, i Nii 4 ; 2 S 04 .‘Ii‘ 2 (S() 4 )y. 2 IIl 2 (), preparM 
in a similar mamitr*to the j)ri:(’wlini( salt,'^ erv: tallises fn yellowish red 
octahedra, which •melt at 10.5'" to 100 " yiehlirij/ na^lisa violti 
li(pjid. Oil heating sdll fufthiT the eombine«> water is gradually 
exfTellcdjVhilst at red heat nietallie iriilium is obtained as residue, 

' Birnbaum, Anuakn, 1805, 136 , 177. 

* iScubert, Ihr., 1878, n,^76I ; J. prakt. Chrm.^ ],SI7, 42, [)r>0. • 

* iSoubert, loc. cit. * 

* Marine, Zeikeh. anorg ChrnA, 1004, 42, 213. Jkr/cliuf*, J*ogfj. Antuilen, 

1828, 13, 435; 1S20, 1$, 208. 

5 Marino, Zdis^'h. nnorg ('lu.n' 1001^213, *213. 
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CsBsi^ Iridium Alunl, Cs,SO,,. Ir,(SO 4)1.2 iTip, yieWs bright 

(hill crysliils. niclTmuf at 100'^ to 110"* C. to a yellowish red 
ii(^j4iid. Its .■i(jiir(»is, solilf ioa* is yellow, hecoiniiifr rose- eolofi red (4ii 
)v;irijnhe :il)<>v< Ht’ ('. 'FIk' eryslals })eeoivie lyiliydrous at .‘JOO ’ ^o 
i;')0 r. 

Rubidium Iridiuirf Alum, HhoSl) j. ,),,.2l]r/), erystallises in 

Kilr oet.'ihcdi'ad llolh in the solid stiite and in solution this 

(iiDii is in nir. It mells - :it I OS" lo lOO* (*., \*i(4din^' a yellowish 

‘ed lifjiiid. 

Thallium Iridium Alum^ TUSOj. Ii\,(S(),)3.2 IlI.X), eryslMlIises in 
roldeii- yellow oetnlii'drad 

Iridium Disulphate, lr(SO,,)M is obtained as a yellowisli lirown, 
iniorphous mass on oxidisiu^r iridium sulphide with eonei'ul rated nitric 
leiil.' On i^ently warmin'j^, tin* re;ielion takes ])laee with N’ii^oiir, and, 
ivlien eomjilele, th(' nihvMus fumes are expelli'd by re])eated evaporation 
md n‘-solulion in water. 

It does not apj)ear to yiidd doulih* salts, and on warmin^f with eon- 
:*entrated sulphurie aeid > iidds iridium siLsipiisulpliid e. 

Complex Iridium Disulphates. 'I' wo si'ries of salts kiiown as 
[lisnlpliafes have beiai prejiared, namely#. 

(1) (ireen salts of I Ik; tyjX' .SIJ Ir(S()^).>.OIl . and 

(2) Ib'ddish brown salts of the lyp(‘ M.J Ir(S() l)o|, 
where sl.ands for a monovalent metal. 

Of these the former salts are usually aeidie, whilst th(‘ latter are 
basic. 'rh(‘V ar^ readily t‘on\irted, the otu‘ into th(‘ other, by addition 
of aeid or liase, as oeeasion reipiires. Si'veral siieh salts liavi' been 
j)r(‘pare(l,‘* 


lUIDIUM AND SKLKNIUM 

Iridium Sesquiselenide, Ir.jSe.,, is obtained as a black precipitate 
by the ifetioK ^of hydrogen selenide upon a hot solution oT iridium 
trieliloride. ’ 

* It is amorphous, insoluble in nitric, at'id c'ven on Avarmiiu', but 
.slowly atlaeki'd by fuminu[ nitric* aeid k\ sealed tubi s at 200 ' Ck and by 
aipia reaia. . • ^ 

A ei^p'Mind of seleiiinm and iridiiim,*bul of indeliuite composition, 
is oblaineil by heatftiLi the tw*,) elements loiiither at red heat in sPahnl 
\nbes. Tlie {)roduet is black, and very resistant to aeid attai’k.'' 


IIUDIU-M AND NITROCiDN 

* ^ • 

Hydrogen Iridi^nitrite, ll3lr(NO.,)5.^is stated by Gibbs to crystallise 

in yellow prisms which are readily soluble in wal^a*. The hydrotron 
may In* n^'plaeed h\ymetals yii ldiuij a jiOkies of salts known as iridi- 

* Marino, 32 , ii. oft. 

^ Marino, <ninnj, ilwi., lee-|, 2111. 

^ boizclina, }\)ii<f.%Anfudnt, IS 2 S, 13 , 4S7 ; Kimbach aiul K^nti'n, anorg. 

Ub)7,*52, loi;. • ♦ 

■* JVlopine, Comid. n nd.t 19(H\ 148 , 557 ; • IDU*.), 149 , 785; Bnll. Soc, chim., 1009, 

[iv], 5, # * • 

“ ('habrii' and Boin'lionni’l, n lOOU, 137 , 1059. 

• Gibbs, Ikr., l^Jb 4* No method nrt'p,araiion is described 
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^^ciuTiil formula iSl3Tr(N02)(;, aif l analogous to tli^cobalti' 
litritcs ai]d rhodi-nitritcs already considered. 

• • 

Of tlu'so the inosl import anl salt is : 

Potassium Iridi^nitrite, ^vhiell is #oi)\ cmciit ly prepared 

)V adding sodium nitrite' to a Jiot aeiclnlatei! se^fiilion of soilium (dilor- 
ridil(‘ until it w bleaefied. The sohdimi is hoihd to e\]iel nilrous 
3\iiies, and potassium eli’ ride is added in excess. \vlu’rcup(>n irielium 
)(>lassium nitrite' is j>reeipitated as a whit# mass. 

It is also formed hy adding potassium nitrih to a solution of iiidium 
suljihate in tlu! warm.^ If 's a white ])owd(‘r, \V 4 iel'- .vadil\ ilissolves 
in hoilinir water, tail wliieli is inseiluhlc in potassium cliK-ridc solnli<»n. 

At JjOO ' V. it lagins to lU'eomjuisc, whilst at 110 elicomposil ion 
is rapid. Heated i)i rafuo at tins latter 1 enipe rat nre‘. nitrogen and 
nitric* oxide are lihe'rate.cl, a greenish hlaek pe)x\eier i-eniainiiig hehind.^ 
'i'his. on trc'atment. witli water, leaves afte r a lime a liea\ \ hlae-k pe»wder 
eonsisting of 0lr(3..1xA), whiei.* it is snugesic'd is ])rohaitl\' the* salt of 
the hypothetical he xirielous acid, (IrO),;( ) JOI 1)^ e»r (;lrO((MI)j oil./). 
3\ hen the- double- nitrite* is hc'ated to reelness in a' nnillle. the rc '.idiie on 
theirough washing has tlie* e*/)1lij)()sili«in fJlrOw h 3). which ?)(i'y and 
Leidie suggest, m.-iy he llie pota sium salt of the hvpe>l hel ie.d dode-e.i- 
iridous acid. (IrO)., 0 , 1 ( 011)2 e>r I *.!lrO(Ol I )2 llll.^O. It is \ < i*y Ooubf- 
ful. lie)\ve\('r. if wc* are juslilie'd in as.^uming that these ais separate 
ehe iiiie*al ent it ies. 

Sodium Iridi-nitrite, Na.,ir(X(). 2 ),;. Il.jO. is r< aih^ prep i' <l by 
aeleling .'^odiuin nil rile- ii» a solution eef iridium sulphate in I he* warm It 
is readily sohd)l(' in watea*.'^ 

Ammonium Iridi-nitrite, (Nllf/.,li(N’Of',;, may be- itre-p.iivd by 
adelilieai e)f sodium nitrite auei amme»uium nipliale- lit :i waiin solulie)n 
of irieiium sulpliate*. It se-parale-. out as a white powiler simil.u' to the*. 
polassiui*i salt.* Whe-n boilesi with water it e \oh's ^hlre^geii, and 
healed in the dry state it detonates. 


• Irldmui (dtloi'~iritrlf('s 

Potossium Iridium Chlor-nitrit^s. - Several f>f the s(‘ jia\( he rn 

described.'' • ^ 

rju' dlndi'o-U'tracJdor-iriditc salt, Ka.il,. (se resnIl’Toit ( re at i Mg 
ammonium ehloriridate* suspended in walei with iiitiei'jeii 1rio\ie|e^^ 
and then adding the *i*e(pusil(' cpiantit ', <;f polassiu.n <*hle>ri<(<‘.‘‘ It 

erystallises out as golde ii yellow c-rvslals, very se)li'i;le ji/w.,ter. W Ik*u 

boiled with potassium nitrite it vi<lels the frinln'ti-tiichh. dTrivalive, 
K/rn.jNOa),.^ ^ . . * . ’ - . _ • 

Sodium Iridiuy^. ^Chior-nitri^e, Na .Ii ( I,, .‘hNio '>a^t 

was obtained by H^ng ' by mixing solnlieius o« <'dium nitrile* ai d eIi!oi> 

’ Lijjili' , ('ottijtf. mil., Uljiw, 134,*1.';SJ. 

Vlolv* aft<l Leklie'*, Coin}>f. rend., 120, Util. 

(liMo, Ikr., ls 7 J, 4, L’sn ; Com},!. m,d., i j.i, I.Vsl*. 

♦ ly.-idii’, Conipf. rrifd., I'.KJJ, 134, 1 .VS'J ; /Jn/L l!i(> ' y;, [ tii j. u:;(g 

'■ Mioliitf and Gialdini, .flh II. , I.inr. i, IflO,, ii, !iil. i./l ; l/ icii*', C nnpt, 

rend., ltk) 2 , 134, 1 .jS 2 ; t^iie’niic.sHf'n, m-d., iai, 'Zk-'-. 

® Lci<lk: {Compt, mid., 1902 , 1^4, K>?i2) Hiinulbine-.^u.'rlv (io parue] thi.i ;^iU by tho 
direct action of polasHium nitrite on iiotassiiirn cblotineJal. * 

’ Lang, J* prakt. Chem,, lSf) 2 , 86, 295 . 
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iri<lal('. .It is fornifd as a Hiitc jM-ccipitatc but very slightly soluble 
in coId^wAf cr. 

iridium Chlor^ni trite!* of •Barium/ - 
Caesium/' ^ Lead/ ri>;j(N02)4.‘2lr(1.^.2Pl)(0lI)2 ; Mer** 

cury, ‘ Iiv.,(N02)4^lifCl4 ; and Silver/ Ag3(N02)2. IrCJ 4, have also beeii 

dosci’ilx'd. 

« 


IinDIlJiM AND PJlOSPHCfRUS 

Iridium Phosphide, IiPa. results on heatin':^ iridium with jdios- 
phonis/ as a, hrilliant and liard mass, insoluble in acids. 

Xiinu rons |)lios|)hj)-chloridos, phosphod),romid(‘s, and other complex 
Llerivalises ol' iridium have been prepared by Geisenheimer.^ 


IIWDIMM AND CARBON 

Iridium and carbon do not ap|K‘ar to unite to form a delmite carbide, 
ilthou^di when the two elements arc heated toj^ethcr in the electric 
urnaee iridiiuii absorbs a certain amount of carbon which, on soliiiiiica- 
,.ion, is iTk'cn up a^uiin as j^raphitc.® 

Iridium Cyanide, Ir(CN);{, is behe\'e(i to result wdicn acids arc 
illow(‘d to act upon hydrojtcn iridicyanide.’ 

Hydrogen Iridicyanide, ll 3 lr((’N) 6 , is conveniently prei)ared ^ by 
rcaiiu^r its barium sail with the requisite (juantity of dilute sulphuric 
icid. On shakigj' with ether a white crystalline deposit of hydrogen 
ridicyanide, is obtained. 

The crystals resemble those of (heir cobalt analoji^uc, lJ.j( o(('N)(., in 
hat they are very soluble ip water and exhi))it a strongly acid reaction, 
eadily decomposing carbonates. Tiny combine witli bases to form 
vcll-delmed salts. (.'onductiTity measurements of the potassium and 
)aritmi salts show that they arc not simply double cyanides, but salts 
>f hydro;f^n iitihc'yanide.® 

Potassium Iridicyanide, K 3 lr(CN), 5 . 

* Pure iridium, when heated in a Jineli^ divided condition to a dull 
jlow with potassium cyanide, yii*lds a liouble cyanide. 

The yield, howcNcr, is poor. A better method is to heat anuffonium 
hloririd^* with a sli^dit excess of jiotassium cyanide for ten to iVtecn 
ninutes.’' Kxtraeti(?li of thevuelt with boiling water and subsequent 
Vaporalion yields crystals of the potavssium iridicyanide, tlic other 
onstituciits, nauu'ly, potassium chloride and •cyanide, being more 
olu))l(‘ aud remivniit^j in solution. 

Potassium iridicyanide yields® hexagonal crystals (a : c — 1 : 1*;3310) 

vliich arc colourless, transparent,* and stable in air. The crystals 

« • 

‘ Ivuig, ./. iwnk't. i'hcm.y 1802, 86, 2i>5. 

‘ (Jihb.H, prakL Chciri., ISOl, 84 , Oa ; 1863, 94 , 10; 1S04, 171. 

^ Mintati aiul A’. Acva<L Liuo i, Ul02, 151; lA/idie , rend , 

002, 134 , 1582; QuomicHSCii, ('oiupt.ft;nd., 1005, 141 , 258, • 

* (^tirko aiui Jt*.sliu. .twio'. Chon, J., 1883, 5 , 23t. Sev abo Ilolhnul, Vhem. Zeit,^ 

882, p. 334, and Mat ( hon. Nors, 1885, 51 , 71. • 

“ (Icisen^imor, Coniftt. raul., 1800, lio, 1004, J 336; 1800, Hi, 40. 

Moissan, Compt. ri wd., 180G, 123 , IG. • 

’ Martius, Ueber die C pa nverbind ungen tief PMnm^alkt Dissertation, Gottingen, I8G0. 
llinibach and Korten.’^Jfi^srA siinor^. CArw., 1007, 52 , 400. 

• Claus, JkilCig^ zur Chemk dcr Plaiinmtinlk, 1854, p. 05. 
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dissolve ^Villcr easily, but only willi flinieully in aleoliol. 'J1io 
solution yields preeipitates of vario)is cobnirs with smHs of l|p‘ iieavy 
metals. •\Vith ft'm us salts a wliite pveeipi^ato obt aim'd , with 
ferrie,*a brii^dit yellow. Ae(‘tie aeiil is witho i ;u I ion on ])otassiiMU 
iriflieyanide, althoui;h*il deeonn)osfS t]>«‘ eorre: potuiiii!^ rliodie\ anide. 
,Tlus affords, therefore, a usi'ful method of s('|);^at rhodium from 
iridium. * 

Bariiun Iridicvanidi, ]la;;(IrC'(}Xy).^.lSlIJ). was obtained by 
^lartius ^ as the result ol .reatiuLf tnc' copper salt with ('\('<'ss of barium 
hvdroxicK; solulioii. The excess of barimp is reinoNCd by pa^' a-a' of 
earbou dioxide tlirou^h the ii<]>iitb and up<ai ^low (A r porati* ri llie salt 
sej)arales out in larito trinyelrie i-rystals. I'.xp'-sio o. dry air the 
ervstals ellloresec*, still, however, eoiilainimr six luoiciules ol ^\a(er, 
which art' eompletely exju lU'd at H)0 ' T. 

SilveiT Iridicyanide^ bem obtainrd •• as a wliile, 

(loeeulent ])reei[)ilatc on addin*^ silver nil rat t to a solution ot the 
potassium salt. 


Detection and Estimation of Indium. — S( <' C liapler X. 

% 

’ jM .‘H ( ins, r f( >'(>(>} fid ft nij( ri 'If r i 'I'tlt tuin I'llh’ , I «ul I iiij:* it, 

“ KIujIi'acIj anti Kort<-n, Zcilolt. ottfntj. ('hnn.„ iao7, 52, 
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PLATINUM AND ITS COMPOUNDS 
. PLATINUM 

SyinLnl, Pi. Atomic 105-2 (() - 16) 

c* f 

Occurrence and History, Plal.inum occurs iu nahirc, sometimes in a 
fairly pure staU*, )jul more usually alloyed with allied elements, in the 
so-(‘a!l('d jilfiliiiuiii ores. It is o(-ncrally idund as grains or scales, but 
occasionally^ a.s irreoulfir lumps or nu^iL^cts rauj^iuL^ in \vcii»lit from 
aiiytliini^' Jip to 20 lb. Native crystals arc rare, cubes bciie^ the most 
rr('(jii(ad forin. 'I’ln- hardness of na.liv(‘ platinum ran^^t-s from 1 to 1-5, 
and density from I !• to 10. 

Two varieties of native* platinum arc known, namely : 

(1) N«)iMnaymel ic. 'Fliis is the inf>re usual form, and has the 
greater (h'usity, nanu'ly, 10-5 to J<S. 

(2) MauiK'lic. Density circa It, 'I'lnt mai^netic properly appears 
to bear some relation to the pe ree-nta.^c of iron eontaiiied in the alloy, 
but strict proportionality in no \vay exists.^ Some* spt'cinn'ns of native 
platinum from d he Ih’als, indei-d, are said le) attrael iron lilini^s even 
more powerfully than an ordinary mainiet. 

Platinum was j)robably first diseoven-d in the* alluvial de[)osits of 
Ilk' Kiver Ihnto in the *|)rovine(* of ( hoeo, Columbia (S. America). 
It was first brouidit to Kurope in 1765, and rece ived its name from Ihe^ 
Spanish jtlala, silver, in eonseejiience of its white appearance. 

Native |>lalinum has also been founel in Pra/il aloui^^ with ,L,a)ld in 
syenite*-; in*" ill I u vial inale'rial amongst the* Urals'*^; in sanel fiean the 
Ivale) Piver, N. laipland, asse)eiate*d with the diamond; as well as 
in lie)rne‘o ; in the sands e)f the* Phine ;• in County \Vie*ktow', Ireland ; 
in Ne*w' /ealand,* Nhwv South ^Tale•s, tali torn ia, Pritish Columbia and 
the \'uke)n Piver, and 'in Spain.^’* , ^ 

'rhe^niSnj:^ e)f platinum in Prilish Columbia dates fre)m JS85. * Much 
^of the e)re* is eeiarse anel has "the renij^di, unworn ap|)e*arane*e* of niiyrects 
lliat have ne)i, Irave'lleel fur fremi their e)ri‘ 4 inal sbureed’ Tlte nuj^ects 
are riiivly larij.*, and se lelom exe*ee*el lialf an ounce* (11 irrains) in wci^dit. 
iMe)st e»f’*i'he im'ial oe.-eurs in .small i^rains which can ])c separated into 
jna^iu'tie and non-maijnctR*; the liitter forming' the j^n-e^ater pre>porlion 
of the total. , 

' Seo Sosmaii amt llo.stcLtcr, #/. Wcc^himjfoJi .‘lou?. iSV*?, Itd5; 5» -911; Daubree, 
Comftl. rork, I87i\ 8 o, ^ 

“ nmissiiigaull, Aun.i'him. Vhih\., ISilb, 32 / 2 ei. S'a? also Hussak, ( A/;//. Ztntr.f 
ii. lUT. ' * 

^ .Vnalvsrsof plat iuiferotisicliroriiiU' fro?u the? Urah are given by CVritin and de IJubiey, 
/Inn/. Fi't. Qiiim., im‘r>, 13 , IM. 


*• ranpilniNon, Tran.^. .Y.Z. InsL, I'.Ma, I^.S. 

* Tor rt sumimirv of flu? rtvord-s of the oeof,miice of plntinum in Spain see de KuIikv, 
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PLATiNl'M AN’D its COMTOUNTO 

Tlic largest miiri'i-t of plntiniini ever yet Iuuik) weijfjieil 21 ^»*trnv, 
or 7<S.'i7 Ln*:uii.s. jukI was (lo|K)sihMl in I hr* Di iindolT Mnsi iim at I\‘( roi^r ad. 

- Native' ])latinuni frcijiii'iitiy fonlains iracis a as enidnicrd 

hy^tlu' spect roc'hvinicaj (’xainiiialion <»!’ spivinu'i’s iH’(»rn Hiissia, Spain, 
ami Anioviva. A sainph* l‘n)in Killiind tdr^cxainylr <«»ulaiiu<l (^1 pvr 
^*('nt. oi i]i(*ke*) or nHeiv.'-' »()nly one pri'x ioi analysis of plalinnn^ 
appears to Ian'-* hoerj recordi'd, eonlainiii!^^ jueke!. naincK, a inaa:netic' 
})1 itiennn from Xi/hiie-'*' i* il.sk. in whie-h ()-7.7 p« r ce nt . of ni<*lo I w as 
presc-nt. Platininn ores rich in iron yield the most inteiisi* i.iekel 
speetrurn. • 

thi' following tahli'*’ an' i»iven the' mean ;i ciN a’s of naliA'(‘ 
})latiniim o))laiiH‘d from varieMis miius in the Trals' 
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d’he lal>!e on paije* 2aS i,'i^■es aiialvses of jialiva' plaiimmi fonnd in 
x ai’ioiis other parts of the world. a:etj ftofii i t. Mie !'< ader Will ohiain a 
f, ir idea of Ihe variations in eomposdion n . lally eneoiinf en d. 

J’lalimim is found in (’omhinalion witli arse-nie as lie ran* mineral 
•siurriflifc, IhAs.^. at N'l rmilliem Mine in Ontario. Canafle. It, was liist 
diseoveH’d hy Sperry (whence' its name) in ISS7 alon j wi’IT coppe r anel 
ire;n pyrite's in contact with jiold ore. It crystallises m e*iil)e s or. less 
fn*(jne iil ly, in oetaheelra ; Iiarjne ss, <I 7 ; spe e ilie* era\ily. ID ilt)-* at 
20 It is tin-white* in eoloi^-, pos.fesseel of me-tallie* liisin', and 

e*ontains»fraee s e)f rhoelium and aidiine»i,y.* 

.Spt r\lite* eieenrs in small fpiantities in the- niek«j e>res ct' .wifeiry. 
Ontario (see p, N2), the actual pereeiilaya^of plalimim heiin; dit-.elly 
pre)j)e.irt ieaial le» Ihe ee)pj)(r content of the ore*, that is, p opoitional to 
iheamonni eif eo[)t)er pyfite-s.'' It o<*enrs in small e-'-ystallui' oaL;nie iifs 
disseminated f hron»rhe)ut t he mass of I he on*. ‘ "•- 

Platinum has also he en ele teet.cd in m -d-oiie* iron.' 

Preparation. Sm<*ral metlaMjs have Ix'en tried fe»r the: separation 
of platinum from its aUoys. By a^st rie-s of washin;j: prexvsses ilie smikJ 
and y^raN cl are removed fn>rn the ore, and if any f^edel is pi'eseni it finds 

‘ Kei.ssia, , 

2 Ku'iir.S Arch. .Sn. p/n/i. n/tf., ItMO, {ivj. 41, 47 .’). 1. 

** Koiftirin. Arch. Sfi jft. Ifll.'i, [iv), 40, - 2 ; •/ . CInni. !^uc., IHI.I, 108, li!r{. 

* li. 1 ... .t Sri., f;7 ; l 1 . ibi’i.. }>. 7 ^. So- ais»i WalUrr, 

Z. H^ch. Kr;/ft. J/i/i., isa*;, 25, .■'iin : Au<,r. ,/. Sri., t.siui. {ivl. l, I >0 j ji.ifl 

ihi'i., I'.e'tLV (iv], 13 , W”) ; OicLsun, ihiiL. jivl, 15 , j;t7. 

’’ T. li. \V;iik(-r. Arthr. J. Sri,, ISlxT, jiv ), 1, lla. 

“ Dick.suii, ihi'.L, OaiKi, [iv ], 1 5, 1 * 17 . 

' Davison, Amer. J, 'cn, IsW, [iv], 7, 
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PLATINUM COMPOtJNm 

its way u?*o Iho (‘onccnlrati* aloni! witl\ \ln' crihlc l«> 1)0 

subs(.‘4|iiriit ly roiiiovrd. Iti Hiis-.a |Ju‘ moKI ai)slr.*n‘tr<l by ^’cpcalrd 
an.alo’aination witij nu-rrurw and Ihr tTudc j'!. ui ii... willunii I'lnlluT 
tri‘atm( nl, is mostly (‘Np«>rtfd. 

Jicfinin^ Crude l*lutiuu)ud- 'X\\e crinh' platimmi di‘ 4 ('slod with 
•Kjua n'Ljia (oiu* part UNO.j d ;i.5 ' to :\VC Ih’aiinTi . aiul [)arls l!(*‘l 

at 20' IL) wlu-o by tlic platinum and sr\or:il allitd ihintiils air rom- 
plrU'ly dissohcd; Iravim a. rrsidui* of osmiridiiim and sand. loLirllui* 
with a. litih' graphite. '1 lie solution is dilutt'd, filtrri“<h and r\ap(Mafrd 
to a syruj). llydrorlilorio arid is added lo di-riunposr' nitioM. rom- 
pounds, the whole taken to ilryiuss and luatrd lo to r\prl tin* 

nitiie arid and to simnltanec nsly eonverl the pal! nin.ni to palhnious 
ehloride. 'I’ln' platinum is now preeipitatt «1 as ammonium elilor- 
platinate by addition ol‘ ammonium ehloiidr. 'I'his is stpaialed, 
washed, and hnally heateil to redness in a mulllr, whereby 
jdutiuufn is obtained, the ammonium ehlorim* and c'hlorine bein;^- 
exjielled. 

(Xn^)JM(l« IH d liNII.d I Cl,. 

'I'he sjionj^dN’ •aefal is i ow made into a paste with water, e(‘ noi'ess('d 
into a mould, and eitluT lori^e 1 into a h(»nn>! 4 (aie(»us bar by luaiiii!.' 
an<l hammei’ine, (jr melt*d in an o.\\'h\alro«»en i'urnaee eonsinnird 
of lime. . 

.\s obtaiiK'd in I his way the platinum usually contains some 2 ‘ ‘ 

rent, of iridium, ])reei])itated .dou-.^ with the. amuHUUun i-hlnr plat n at e 
as the eons s])on<lin^^ iriilium salt. A second rehninj; s<Y\es to i'emo\(: 
this iridium, a fairly pure ])latinuin resultin;,n 

'File solution from which the ammonium ehlor-plat inat(‘ has br-en 
sej>arat( (I still contains a little plat inn n with piaetie'ally all t lu^ rla idium, 
rnthc.Miium, and jialladiuin. All are preeipilatirl by metallie iron an<l 
dissoK c'd in a<pia rejoin. Additicui of more ammonium <*liloridc ellrats 
tin* j)reei|)*tat ion of the rtanaiuin^ ])latimim, and the !';!lrat(.jnay be 
worked for the other metals (see p. 1.5 I-). • 

At Ilanau the nadhod a<lopl<‘d is similar to tlm foreuoii.o.- 'I'Ik' 
crude lUissian platinum is tre;ftt‘d with a inixtun* of a<pia reyja (om* 
part) aixj water (two parts) in .T ^lass retort nndei' a pressm-e of 12 
inelies \)\ water.® 'J'he resulting' solution is exaporaled to di\ i; ■.>: and 
hi*ated to 12.5"' C., whereby the palhniium is eonsert^d to tl*ii p.f^I.ajoiis 
condition. 'Idle product is e.xtraeted witTi water, and ;n*idili<*i with.^ 
hydroelilorie arid. On atldition of amin<mium chloride* ; preeipilate of 
ammonium e)ih»r-j)lalini*te is obtaine<l,eont/iminat d with ^'»ni«' annuo' 
Ilium ehlordridate. On eoneentrat ion of the mother-honor a* further 
small amount of aniiiKjninm elilor iri^ale separates out. The liipiid is, 
now' treated with scrap-iron, which precipitates a.ll the ojhei platinum 
metals, tojrether with afty platimmi Imd iridium not hit fieri o pn "ipnated. 
The deposit is wasiied free Iropi nndissolved iron by inealntent with 
hydr%hlork? acid, and ili turn dissolved in aijua npia. Froi i this 

* For further dctaiJnjs»co Gowland, 77fe MrUtUuryy of tfit Xou j. rruvi Mdoii (I.'haH, 

Griflin and C<», ^ • • 

* Accrmling t»» Thilijip. See Itost.oo iiud .Sehof tatencM , .1 J rmtisf on»Cheuii«t( y, 

vol. ii (l^ionKinans, 11)07). ^ ^ 

* J>i!ville and Dcbray {Ann, Chini, Phyn,, 18U1, (iiy, 6r, 7 •» nnd lir.rJi* us ('/t il, oh. 
anal. Chem., ISD’J, 31 , 310) have locoiiiniuided «j|M r:iung in a tlcMul (la,d% uiider a 
slightly gfoitcr presviun than atinosplteiic.* 
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Hdliili/iil pliitiMiiiii and iri(iiuiii arc thrown out as aniinoij^um chlor- 
|)l;illniitA and clilor-iridatc r(s|)(‘ctiv(ly, V)y addition of tnninoninm 
(•kl<»ridc. Tlic nit)! lie r-li<pior •conlains rullu'ninin, rhodium, ])?dladiiyn, 
oMiiiiim, and some v'idinm. The afimuminm clilor-plaiinntc, mixed ^vith 
snaiH (juant il ie.‘^ of elilor-iridalc, is ij^nited, and tlic spongy metal tRus 
/)hlained treated in flu* mamuM’ deserilu'd.'ibovT. 

Another method consists in fusing (inely ])owdcrcd crude platinum 
with two or tliric limes its weight of zincl The Ijrittle alloy thus 
formed is powd(‘red and ir(‘aled with dilute sulplmric acid, wherehy 
'/ine is n inoxad ' 'rhe residue is Iieated to redness, and ])ari of the 
base metals reiiuwud with dilute hydrochloric acid, and any j^old 
<lissolv(‘d out i)y fmdher treatmenl with cold acpia retria. 

'I'lu* r«‘sidu(' is heated \\\ ri'torts with aepia rc^da. whereby most e>f 
th«‘ platinum passes into solution, t<ieu‘lh<‘r with some rlioelium, osmimn, 
pallaelium, and !i little irielium. whilst the nndissolved portion c»)nsists 
of osmiridium. ruthe-nium, and a little* platinum. The solution is 
dislilleel, the* ostnium passim; off as the* volatile tetroxidc, and the 
mot her liepior the'ii ne ut ralisi-d with soelium car])on[it e*. Addition of 
mereurie e'yjmide* throws out the pallaelimn as cyanide. Amme)nium 
chloride^ added to the* liltrate effects the precipitation of ammonium 
e'hlor-platinate anel chlor^iridate. Iijhtion of these salts yielels the 
spon;,;y metal, whie*h may lx* worked up as already indicated into the 
com|)ae*t form. 

It elesired. the two ammonium salts may be* s(*parat(‘d }>rior l«) 
ignition, so that, the pure* metals juay ultimat<*l\' lx* isolate'el. I’liis 
may be* <le)ne e*'‘iive*ni('nl ly by (‘ither of the* tbllowimi’ ujethods : 

(1) 'I'lu* salts are* warmeel eently with a solution of ]»niassium 
cyanide. 'I’he* ammonium e*hlor-irielate is n*elue’eel te) chlor-iridite*, 
whie*h passe's into solutieen, le*a\ ii.i; the* chlor-plal inate as an inst>luble** 
residue. - 

(*J) 'I'he salts are susjH'neleel in wiiter anel sulphur elioxide* passed 
tlu'»au;h/- 'rhi* ehlnr-irielate* is r<*dueed to e*hlor‘iridite and passes into 
sob'hou, l(*avinu" tin* ins(»luble chlor-plal inate* as residue*. ■* 

• buiilion of the purilie*d ammonium e*hle)r'|»lat inate* yields a j)re»por- 
tiemate ly pure j)r<<ehu‘l of metallic platilmm. 'I’lu* seelulauj e*ontainin^ 
anuueenium chleir-irielite* may be* cvapeaale'el to elryne*ss aiul the re’sieluc 
ii;nite‘el tei >'ii*lel metallie* irielium. 

DcriUc (Uii! M dhotis 'Phis nu'lhe'el e*e)nsists in melt in;;- the 

cruele* platinum, tVeem which the urokl has be*en remove'd. with cxe’css of 
leaet. On eeeoiiu!;. the* mass is tre*ate'el first with nitrie* ae*iel. anel then 
with aepia re';;ia, wliereby le'aei, platinum, anel some* rlioelium })ass into 
seilutiem ; iron, ruthenium, aiul rheHliuni vemainine behinel as a (*r\ stalline 
•alleey. rreau llu* sedutiem amnuaiium chlew-[)latinate is precipilalcd, 
anel frean it n e-tallie* -idatiniun is pre*pareel as describeel above. 

'riiis nu t held is not lunv used. 

seeVinel inethe.l describe'd by tht'>e autiiors consists in repeated 
nultinir eif the cruile platinum in a lime crucible, whereby ^-olatih* and 
oxielisable imtniritie*s are: reinovcel, the latter bcin;; absorbed by the 

* IVmo» tils, l^ilhrrt's Aunilkn, lSe.»7. 27 , 2:U ; J. irak't. i'hcm,, 1847, 40 , 498. 

• MnoUlA jnai Wotilci*. Anmkn, 1857, 104 , 368. 

*' Will ts, 1814, iii. teJ. 

‘ IVvilk' an»? Dcbriiy, Compt, rend., 187J, 8l, 803; Ann,Chit(i. Fhja., 18oy, 

1801, 61 , 5. 
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limt*. The rc<^iiltiu!' nirlal still rontnins inul iridiuiu, 

if llit*s(‘ ]iv‘ta]s \Y( rt* (iiiLjinally j*n'S( nt. * 

Platinum from Nickel Matte. IMallmnu^o -curs in Irai'js in (he 
niekri ores of Sudbury (sec p. Mi), and is to op: t xU nt r» rtiN c icd 
tVoin (Ik'so in ctamncrcial piarlirr by men* or kss^ci rr! priMs >si s. 
IbiriiiLi I ho tisoal yt ar endinu March .‘Jl. du Canadian ( opjx r 

Coinpany prculiKa-rl TiJi. I0.> ton'* tif nii-lo l niatii, Iho a\< raao sanijih- ol 
which contains : 

Platimiin .... <M(I oz. (t my) per ton 

l^dla<linm . . . . * o- 1 a 

AooorditiLl in tluso tiLUircs. th(‘ .‘><k lOa tons oi“ ntai; * . itaiiud : 

IMatiinim . . . aU l(J-a »/.. (t roy) 

Palladium .... SHJl 

Th(' actual amount of these pn (‘ions metals Kccnorcd dminy^ the 
year amounted to : 

Palladium i platinum ...... I0n:t o/. (I loy) 

Other ])latinnm m< (als. mainly iliodium and iridium . -.>7 

It will thus be seen that lie i-c is considerable opporlunil\ CT adiliny' 
to tiu' eonuiK rcial supplies ol’tl.e pl.atmum metals Irom tins sonee. 

Preparation o£ Pure Platinum. Commercial plalimim usually e »n- 
tains some 'J jicr e<nl. ol’ iridium, and for many [>ui'pos' s this is no 
disa<l\’antayc as the alloy is very durable and resistant to acid at la- < . 

To obtain the pure metal se\a*ral diffeia iit processes oiay be .i'I(.]>led, 
all of \\!iich are eom|)lieat(d and reijuin* very earcbil handline if (lu‘ 
last traces of rhodium, iridium, ruUieninm, and iron an- l(i be n mo\e<b 

M (ilDn'tf s Mffhud. Mat I hey * reeomnu’i’ *.s tlu' rollowin^ treatment., 
for the eommer(‘ial metal \\lier< b\ it may lx oblained in an except ionally 
hie’h stale of purity, d'he pl.atinmn is niched wilh six limes its \\( iylit 
of [inrc l( ^id and. aft cr uramilal ion. I realed wit b a nii\f -lo* of int rii* acid 
(1 part ) and wate r (s parts). \\ h< n no more acti-a. *ipparenl. I Ik' 
yu’catcr part of the h ad will iia\c dissolved out. toerllx r ^vith a porliou 
of anv cojipc. , iron. |»allaelinm 4 »or rliodinm thal may have been present. 
'riu‘ insolniilc residue is in llie foi^n of at^ amorphous, bla<’k po\\»|er. ami 
consist '••essi'iit ially of jilalimii^i. with lead, iiidinm. and .small propeK- 
tions of the other metals oritiinally pi’es< nl. ^ a c 

Digestion with dilute' a«jna n eia elTes-t? I he- solution of Ihe p'^limirn^ 
anel had, haviiiy^ a resielue- «»1 impure iriilmm. The; solution lilli red. 
evaporated, ami the Rad eonv{rt<d into sulphate .idditiou of 

sulphuric; acid in re<juisite (|uantily. 'I’he platiuie e^hhuid* is <»\lraete(l 
wilh wate'r, and amme>nium <'hh*r ;daliuate prieipitateb in the nsuaj 
way with ex<‘e;ss of ammonium i-hlorieh- eoinaininy sfKiium chloride. 
The' whole is heated 4^e> S(C C. artd alloweel to >laud for .se\ ei * days, . 
most of the* rhodium remaining in .solution and impart iiy^» to*llii li(|ni<l 
a rose-coloured hiicx • • 

'Hr; proe*ii)ita.te(I ammonium f*Iih»r-))lal hiate* is repealeeily uaj^hed 
with a saturated se4utioii <»f ammonium ehlorid*-. and .jibse (jue iil ly willi 
dilute hveirex'hhjrre acid.* It st ilPe'outains small (|uanlities of^rhoflium, 
howe-ver, as ammonium ehlor-rhm'iate. The salt is mi.xeal nilh jiolas- 
sium Iiyelr(»yren sulphate to*wlue‘h a sm.JI (pi.#eitity of aiimionimri 

‘ MuOirv. /Vr/r. lUu. Sor., l.S 7 <». 28. Uj'A. • 
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snipli.ilu bns liccn uddod, Jind gradually lieatrd redness in 
;i pl.iliid.ni (lisli. 'rix* aiiimoniuni elilor-platinale is tluTcWy reduced 

p!;iliiitim sj)nn5<',.\vliifst llit‘ rliodiuni remains in a soluhle *fah‘ an a 
d(M(l)lr ,iil|)}iale uil,li polassium. 

'I’Ik pnuliiel^is (li‘j;est<‘d willi water at the hoilinir-point , lea\ inif a 
/isidiK* nf plaiiniiin ?p()nL(<; in a hii^li stale#!)!' j)urily. 

In addition io the rliodium sulphate tlu' water will have (wlraeted 
a sfiiall (juanlity of platinum in the form of slflphat^. • 

Tpon evaporat injr the solution to dryness and liealiujLj to redness 
I In* plalinum sulphate is red*jeed to the metallie condition, the rhodium 
salt heini^^ unalTeet(‘d. Diat'stion with wattT h'aves a residue of [)ure 
])latiniiin whieli may 1 k‘ added to tin* previous residue. 

'rh(‘ metal thus pre[)ared is v(a-y jjure, and may, if desired, be 
worked into lh(‘ eompaet form by the methods already detaih'd. 

Physical Properties. Platinum is a silvir-white nu'tal, capable of 
taking; a hi^h polish. 'It is slij^diily harder than silver, however, and 
does not tarnisli. Tt is botti malleid)le and ductile, admittini^ of beini^ 
l)C'al(m out into thin foil and drawii into line wire. .\<ldifion of a small 
(|nanlity of iridium increases tiu* hardness of tlie metal, but decreases 
its duel ijily. 

JMalinum is hardene<l by meehani^;al treatment, but is softened 
aLfain on maiiitainin^^ at bri^dd reil heat for several minutes. 

I'he (hiisity of i\ative platinum varies from I t to 10, the variation 
])(.‘inu^ mainly due to impurities such as iron which may rani^!' from 
.5 to 10 per eenl., and to smaller quantities of copper, iridium, osmium, 
rho<lium, and |nlladium. 

'the density of pure platinum varies aeeordino to its })hysieal 
eondilion, as is evident from the aeeompanyini*' data which ^‘i\e the 
density calculated for a vacuum at. P’ C.' : 

(1) Annealed pure platinum wire . . . ‘21-ltOl^ 

Sauu‘ wire cold drawn, not annealed . . ‘2M;i:i0 

('2) ' AmVej led ])ure ])latinum wire . , . LM inpi 

" ' Same wire t wisti'tl, not anneahal . . ‘21 .SOS.) 

The mean eoellieit iit of liiiear expd.isiou of platinum with rise of 
tcnqx'rature bed ween 0“ and 1000 ('. is - ; 

^ „ a (i 0000105/. 

For teiuju ratures raneinic' from O'" to 100° C. : 

a O-OOOOOS!)/. 

I 

'rhes(‘ vahii's are not far removed from tlu>so observed for difh'rent 
kinds kA' ^la^s. ' d’hus, for temperatur<‘s rouml and about ‘20'^ C. the 
5ollowim>: vahu's have been obtaiius.l ^ ; 

rt ' a 

Soft ulass , . . * . , ; 0-0000()85 

Havdvi^dass 0*0000()07 

Flint i,dass . . " . . . ‘ . 0-0000078 

For this reason platinum wire is used in the consiruelion of electrical 
and otherp\[ipar;Uus in which it is necessary to pass wire tiliouch i^lass 

* Kahllmmu and iSluria, Zi H'ich. anory, lOOri, 46 , 217. 

Lo Chati'lifr, Coinpt ruKd.,,l8S9, 108, lUlH). ' 8ce Fiioaii, 1S09, 08, 1125; 
Calvort, .)itlins»>n.* niul l.owe, i'hcnt, Stirs, ISOl, 3, 357. 

Kaye I'hysicul (^rui Ch€mi<'ai ('viislanls (Longman*^, lOll). 
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ntid loave^ perfectly air-tijrlit and licrnielk^.dly scaled joint V.leclric- 
liinfht bull)''' nro an iiujuu'tant (.'xaiupii' <>(* 

'rho s})('(‘iric bcal of plaliuuin notu«‘<'r. 0'' .fud ]0(' ’ ha*, tin* tn«ini 
value nl' U ()3l\‘5. 

'J'Ik.' beat lib<‘rat<'<l f)\ one Liraui ol' [daiiuuiii iu eonlin,': IVoiu / tn 
is ei\cii by the ex|)ressiou : 

Quantity of heat - t)-(K‘U5t>0 (/ 1^) ! 0 (/- -- /„“) ; 

and the s|a‘eilie heat at : A' teinjK'iature / is «^uv('n by : 

Speeitic heal -- O O.'tlatM) f 0 ()/)S Kis/d 

ll will ])e observed thal the speeilie heal of the»!)i !• 1 .i^e s with tlu' 
teinj>eratiire. and experiment shows thal tins is I hi* east' also at viry 
hii*‘h temperat uix'S siieh as those, of the ineandeset'ul iiu lab* allhoujdi 
thiorv would re([uiri* its eoustaney undt r tht si* la-ler eoudilions. 

'I'he melt inij^-point of platinum has been \ariously i^iveu. the most 
reeenl results l>eiuL( ITa.'i' an<l 17ao'‘ ('.* i'o*’ other data the reader 
is relVrred b) the refereuees j,u\-en below.'^ 'I'iu* lowest teiujH-ralure at 
whi(‘h the \'olat ilisat ion of platinum ean be defeeled in a etiuiplete 
vacuum i‘> <4iven by Knoeke'* as 510 ('. 

d’lie most inlens(* lines in tie are and spark spc'elra id’ platmum are 
as fo)K)w ^ : 

Are: ‘J!05t)<;o, 270‘i'50, ‘2T05‘V,k 271012, 2S0()l<k *2020‘Kk 
20‘)S-07, 0()I2'75, o(M»tsS2, :M0S-27. 1112-75, I lOS Od. 

Spark: 2121-00, 2()5‘r5;5, 200,S-0S, 00t;i.-.s2, ; 20-15, 

ltO.S-00, 4552-(it). 

Volatilisation of Platinum. - When plalimmi apparatus is hiated to 
verv liiLdi t empeiat ures it fre»pa-iill;' imdei” oes a marlo'd alteration m 
ssei‘iht, l.)eeominu liirhlwr/ 'this is generally altrihuled to n olat ilisat iem 
of the metal, and several useful invest j^at ions liave reei utly hei n 
carried lyil with the objc'ct of *leterminiu;4 how tla a ; ma^^ best he 
avoided. 

^ l>nt. rhij'ilhy ll)0>, {iv>, ^8, l)s:j. (ahrt expe. -ii.H’, !i:ive 

natuflv : * * 

^ .Sp.viiic i„ar oouiTjs -i- 

(Wliit.', J. Sri., Ulna, to’j, 28 ,«;:..t) ; 

SlM-oirii- Ih ;U. tx-tweeii 0' ati.t UUM' (\ -j 0 2/ f / 

(Soldi tt, Ann. J'ht/si!;, li as, (i\ ). 26, 201). 'I hi* ,!:ila eiv< n l,v Urjiiauli , ) >i i-wia :n«S 
I’etit, N'iclle, eto., are new lii:-tori« al iu(<'ir U- nnly, 

- r.'iii.iro, OJln, |\i], 9, i, 122, 

^ atnl Oiir^es^, Jiunau i>j Sinn \Va'-tiin;0.»ti uaikT, j,, 

* |)av, /Vw/z.-f, I'nruil'i'j Si*r,, 1011 , 7 > 120 . Teiv un»! ( Itmi'v iii {i'oirj-l. ninl,, 1 !U> 0 , 

148 , 401) iliMt tin* melt ing'P<»int v>f ilie jiietal, li!ie. tliat nf .^ilvt r, is iMllncmrd I 

the nature of the a*n. Kohere in whidii fusion talw-H hut. \\«i'in* r and Ihna-hiK 

{thi'L. )». 1177) «lu tio<'*acK pt the •*xj»l:iifnioii. 

leiraday ami Sto nirt, .■\nn.('fiini. I'hijr., Is22. [lih 21, til! : AnhtJ, />.' • Vnhi 

l8‘)2, i 6 ' 5 , 278; Violette, .t K/l. ('hint. VhijH.. 1875, j i\ J, 28, lO'l ; \ ('<>,!< jit. r>rnl., 

187 ,^ 85 ^ 4*2; 1870, 89 , 7vt2; I’^olhorn and Wien, jl'et/. Annnh,,, »s05, fii; '-/y .'PiO ; 
Ifelmin. l^awronce and Harr, Phil. Afwj., 42 , 27 ; )larl:et, Pifc. /.Wv. .Sot , 1005 
A, 76 , 225. ♦ . * ^ * • 

« Knoeho, fkr.. 10 '' 0 , 42 , • 200 . jlut ee«' p. 2«)4. ^ 

’ ICxner and Ha.sfdiek, l)ie Spthtmi tier EltnnnU: hri ntrrn>nif.,n fhnrk (f.eipvig ane 
Wieie toil). • ^ 

* Tor earlier rejmrts on thin subject, fa-c Wittsteiif, Ihmtur'.^ isiui. 2P<) 

Stolba, ibid., 1870, 198, 177; Klsncr, ('htni., \S()h, .j|, gp, 257 ; de KMninek. 
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Altlnm;'li it is irencnill}^ (issiimod that the loss in wiij'jit of pure 
plaliiiniii»/)n Iical iii^^ is due to (lircrt volatilisation of the metal^Uohorts ^ 
pojnls out. that tl«s js inf|)rol)Ml>l(* since plaliiunu (lots not voI?ltilis(‘ ui 
nitrnucfi, hy«lro;L(<‘M,^or in rmuc. Me (l<‘(crrnincd lh(' lowest ten'.pera- 
lures at which phdinmu volatilises in o\y(|[en l)y afi exc(‘edin^Iy scaisiti^e 
method, namely, hy ^fuddcai (xpansion of a;is saturated with moisture, 
\\hieh when any volatilisation has takdi place results in th(‘ formation 
of a cloud or mist, heeause the disinle<^rated paMieh stenrnstilnte eonden- 
.salinn nuclei. It was found that platinum he^nns to disinit\m’ate at 
aOO th(‘ (•xt<‘nl. of volatijisation beinjy roughly proportional to the 
oxyi^t n pressur(‘. Koherts therefore concludes lliat the phenomenon is 
dm* to th<‘ formatiog of platinum dioxide, Pt()2, which is endolhermie 
and which dissoeiat(‘s at lowca* temperatures. 

('|■ookes “ had in Ihll already studied the ndative volatilities of the 
.metals of the platinum ^woup at temperatures ran^injy from t\ 

upwards, 'rhe nutals aa re luaited in still air in an lltraus furnace. 
I tie order of volatilisation provin*^ to lie as follows : Itu, Ir, I’d, IM, and 
Ith. the last named heinjf the least volatile. 

Ihirei'ss and Salt* show' tluii the presence of iridium in tlu' platinum 
of ern(Ml)l(‘S, although added for its stiffening (lualities, renders the 
latter sufijeet. to j)ro[)ortionat<ly great eii* loss(‘s of weight on heating to 
tempi'ral ures above POO' C. Itelow' this ternperat ma*, and U]) to 'a 
content of at least J5 per c(‘nt. of iridium, the loss on lu ating is negligible.' 
Ih'low hOO ('. also tli(‘ pH'senec of rhodium and silicon has a m gligible 
(‘ITeet. 'rh(‘ pia'senee of iron appears to lowaT the heat losses by amounts 
d(‘pending on the (piantity of that metal jwe.sent. Melow ‘100 (’. there 
may <'V('n be a slight gain in w'cight on heating platinum owing to the 
iron contiml diffusing to the surfa(‘c and oxidising. 'I'his is a (h'cided 
disadvantages however, oif a(‘coun> of th(‘ solubility of the iron oxid(‘ 
in acids. 

lth(uli\im, like iridium, stiffens platinum; but unlike iridium it 
reduces the volatilisation of ])latinmu at all teuiperatures abov^' 000' 

It is suggest e(l/therefor(‘, that a useful alloy for best ([uality crucibles 
‘\would be platinum conlaiiung to 5 per cent, of rhodium, "practically 
frei' from iron and iridium, and e<mlaioing no other de’leetalile ini- 
ptirities."' ^ 

Diffusion of Gases through Platinum. Hydrogen diffuses through 
lu'ated rlnTo.am, l))d less rajiidly than (h’aham's experinu nts \yould 
>;uggi'st. Methane,'' despite its low density, does not diffu.'ie throfigh 
lu‘at('d platinum, neither do t)xyg(‘u,'' nil rogi u," argon," and luii\im." 
The diffusion of hydr(\geu through jdaliimm lias heiai stmlieil by many 
investigators, mdably by Winkelinann,'' who shows that its rale 

'Aitnch, anal. Chrm., 1871), i 8 , 51)9; 11. Kaysrr, It’iVf/. Avualfni, 18 SS. 34 , OUT; R. W. 
Hall, ./. /H/icr. ('hi'.n. Soc.^ 22 , 4‘JA ; (JoMstuin, Jiir., 11)04, 37 , 4147. 

> ‘ ,1. 11. RiiIktI.'?, Phil. Muij.^ 1913,25,270. Ka^e ami pavun i/Vor. Pay. Sor., 

1913, A, 89, AS) HVM) for the met.al heated hi ail ; liulett ami Heruer (./. 

CViri/i. 1904, 26 , lalL’) give SOU" p. 

Orooket’, Prac. livy. S'et*., 1911-12, A, 86 , 461. ^ ‘ 

- itiirge. 4 a aiul Sate, llnrntu of Stanilanl.'i^ Washington, No^ 254, 1015. Sec also 
hid. Knij. Chem., It' 1 4, 6 , *152; 1015. 7 , 561, , ,, 

‘ Iturges'i aiul Waltenberg, Pun 'iu of Slmulard Wavlunglen, Nh.-. 2S0, 1016. 

•’ lUirgess ami Salo, o/n/s cit.. p. 311. 

* Ibimbll, vlanr. eVn'w, lS97. 19 , 6S2. 

' Hamsay amt 'J'raver.s, (7 m / a. 1897, 75 , 253. 

Winketrnaun, .‘Uvn. J’hysih, 1902, [iv], 8 , 388 . 
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iiuTcnscs %f{Tr the ])lMtiiuiin has htu'ii iicntcd for some time, irt eoiise- 
(jiHMUT of the crystaliiiie stnieliire assimu-d hv llw iiu lal. 'rh(#(liMusion 
()t*hy<lr()h(‘n ]d!\tinuni nl red heal is*nol jli\v‘C'lly propoil io|A.al 

Lo tin ]ir('ssur(' o'’ the i^as. Prol)id)ly this is dn ti> flu' dilhisioii hein^^ 
[ireoin|'jinii“(l 1 )\' dissocial ion ol the hydroeeii molee^ihs, tlie atoms, 
only, of tlie hydroern ]'assi! 4 L| throui^h tin* metal (see p. 177). 

Solubility of Gases in Platinum. 'I’lie ' i>ii||)i!i(y <>1 liydroia n in 
platinum has he\'n*s» udi#d hy Sievertsd who has shown that the i;as is 
less solnhle in eompaet j atinnm than in the' same weii^ht ol’ ii'Ui or 
niekc'l. At eoirtam pressiire the sohihilily rises with the t<‘mj>ei al ure, 
whilst at constant. tem|)erature the aiiioun! of hydii'i^cn a;'sorl>ed is 
directly pro[>ovtional to lhe»s({uare root ol tin- pivss.:r' . On (‘ooline, 
all the hydrogen absorhed at hieiua* temperatures hy the nntal is 
(‘volved. 

Platinum does not absorb earl)on dioxide' or sul|)hur dioxide. 
Platinum which has bee'u heated to a hi^h lempe ratun in a eum'iit 
of hydroeeii is usuallx I'ound to have muhryeiK- a slioiit permanent 
ehane’e, its melt inu-])olnl beine (h pia sM-d and its duetilily I'edueed. 
'rhis, howe ver, apilears l(» be* elue to the* abseaplion e>r small epianlilie's 
f»r earbe)n rre)m traees of orijanie* imjairity ij» the* hyehe)*.** n. and not to 
the* inlluenee of the* pure hydni|Cen iise*llV“ 

Chemical Properties. Phdmum is one* e»f the most pennar n( of 
medals, remailline untarnished in air al hii^h anel low temperatures, 
(‘Ve.‘n in the pre seaies of me>islure. It is altae‘ki (i btith b\ lliioi ine and 
by Chlorine' wlun he-ated in tlase na.e-s : in llue)rine a' OO te» (iOO v 
yieldini: the telralluoride*, and if in the form e)f s])e)n-_M\ in elite. ;mi' at 
•diouf O.70 (\, N ieldinij t he* die*hle»rid(‘.*‘ 

AVhe n heali'd in a current of chlorine' al about 1 KMt platinum 
apparentlv volat ilist's, eonde-nsiny e .ohr'^parts of tin* .apparatus in 
Cystalline* form. This is attribiital'le to he' formation e*f a \e)Ia1ile 

ehleiride'.* , , • i 

When* heated in elry eixyuen, either m the' lorm e.. ihm Je.il or iis 
spe)ni,^e, it becomes sn])erlieially blae'keiad in (‘onse«pa i^ i* ol e>xid:it lem 
lo t he monoxide, PtO. This eenni.oimel. liowe\ < r, ele e'ompos^ s al 

hiirher temperatures. * • ^ i • 

PlatLmim is ve'iy slowlv atraekeeldyv hot e eaiee nt r:il ee. snlplnnie! 
acid. p?d tienl:n’lv at aheail' ‘JiO tee L'So'C.,' Ifni the' ini rejeln-l aai n\‘ 
Clpiijir dioxide''inle) the- hepnel, by aelelibon .»!' a .jiiee-e f?.%uf[)liiir <.r 
earbeC. completely jirevents the' sointion of the' nn tal. Caibeai ' ».\!<h.ir 
and nilro' 4 <'n are without inllue nee', bm arsi nioiis aial antimenious 
oxiele s exeC a marked jCoteetive elfe et npeai Hie' inejal. Ml i , sn^r.., .pd 
that in the' ease* of the pun* a<*id, dissoeiadoii e)l ailpftur iiie'^xide into 
dieexielc anel eexynen lake's j)laee, tla-Jad '.ahie'ej atlae kiiij^ the platimm^ 
'rhe sulphur dio\i<b% when addiei ireuii an extwrnai s^iuree', owes il.'> 
nrote'etive inlluenee if) the fact tlfat it re pre sses the disse.eiat ir.i., whilst 
the arsenie»us and anlimonious.oxides act by abs^ybinjj: Vlu* ei\y;n 

J[;r attackin'' ])latiuurn with snl]»hurie* acid, the jin senee ol < xvee n, 

1 Sk'vcrtfe anti -lurisfh, Jkr., Hdti, 45 , 2:?l. 

= Pirani .t. 1^* y\o\(’T, y.nUrh lOUt 16, HA. 

Schiit/rnlsr^eT, d/ni. Chho. I .sij.S,J W |, 15 . PHi; Ih7e 21, 

» Trou.-t anti H’int<'f*'uillo, Compt. rfnj., is77, 84 , 017. 

( ’oni'ttV •/. Si/*', f'lU tfi. ( /)il .f 11^11.1, 22, ^ * 

*' McCaV, h'lijhlh lut. f'.nu;f. CZ/r/a., 1012. StMi.ai ? XM. tS t alo> l?elt'}.iru\ 

Comj/t. retui , U» 0 . 3 , I (P bH:}; Quennesn-ii, 142, 
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ulMioti'^h r.'icilihitin;^ s<»liil*l()n of llic pljifimini, is not oil)solulc]y 
(‘ssdilml.i 'riu' ()x>^<*n sccoiulnrv })iirt in tlial it in^xlifics tho 

dj^iilil)! him <»!' I li** iiiit i'll* ;i<*l ion ot tlio acid upon tlio metal, Ss repiy^- 
sriilcd l>y lh‘- <‘(pi;ili<»n : 

‘iiM ! tii.s;^), ^ lmm(()I 1)(HS(),,)2 + ;jsf)., i iii/), 

# * “ 

the naclion heliii^' n'^eirded as reversible. 

from I he soliilion obtained by dissolvinj^ flatiminf in concentrated 
sulplinrie acid two substances have been isolated, niimely, a y(‘lUnv 
bydrowhydrof^ui; sulphate, JM(()lI)(llS 04 )j>, and a reddish brown eoin- 
poutuL I lie eomposition of wlTutli is probably represented by the formula 
J*l(()il)_;(l ISO 'riiis last-named substance is only hjrnuHl after 
prolonyfcd boiliny' of platinum with eoneentrated acid for some t>V(‘nty 
hours. It erystallis(‘s in reetan«rular prisms, which are very soluble in 
wal(‘r, in eonecait rated sulphuric acid, and also in alcohol. 

Dilute sulplinrie acid do(‘s not attack platinum, not even if hydro, y^en 
pi'roxidi; is added ; neither docs a mixture of glacial acetic aeid and 
hydroyaui p(‘ro\id<‘." 

Nitric a<*id is witliout action on pure j)lafiuum, and the liot e.onecn- 
I rated a^-id should extract practically nothinc from a well -cleaned 
erueibU^ (jf the puri' metal. ^ 

When alh»yed with certain other metals such as silver, for exampte, 
[ilatinum dissolvi's to a eonsiderable extent in nitric aeid (siv p. 2S1). 

.\<pia reyia dissolves [ilatinuni with ease, yielding’ the hixaehlor- 
])latinie aeiil. This is mainly <lue to the chlorine liberated, since 
iioiliny hydrocrdoric acid, like boiling nitric aeid, aloiu; is without 
action on the metal. 

As a solvent for platinum a mixture of eoneentrated hydroehlorie 
aeiil with ehlorie aeid has been fecomnKauled,^ its activity being due 
to the chlorine liberated lyv.lhe interaction ; 

aiui I- iH’io, Dcu f rjn.p. 

I’kitinum is slightly attacked by fused alkali carbonate, more so by 
th(' lust'd nit rati* or hydrogen suljihate, and strongly attacked by fused 
hyilroxide or jieroxide. , 

\Vh(‘n platinum wire is heatedjn ammonia gas at SOO" C'., it^^surfaec 
becouu's ilull, and shows a nmn* or less blistered a|)pearanee umler the 
inieroseope. A linC tleposit^f platinum black also grailually eollevts on 
<he surfaei' of the metal due to disintegration of the eompaci platinum.'' 

Wlu'U platinum is heated in a luminous coa('gas (lame a black layer 
is formeib irthe (rubon is uonv burnt off in air the metal is left in a 
rough aiul brittle condition^ but without having undergone any loss in 
weight . 'Vhe action is .. considerably enhanced by the presence of 
alloyed rhodium or iron, whilst iridium has a less marked effect.'' 

in the ease of pure platinum the action is dug to the jire.seiiec of 
carhou disulplftde in<he coal gas.’ 

Cc.int>t. rcwl., IIMC, 150, 1(H. 

'• SallanvsUi. ( fain, IDIH, 40, 41S. ^ 

’ Itaxlor and ('Jrdvor, J. .tmrr. ('him. .s'w, 1014, 31^ lOSO. *ConlraaV Jannek and 

Mi'vor, /’..iV.nvA. lUioHj. ( 'hcm.y lOlIl. 83, 51 ^ litV., lOlIV 46, *iS70. 

* /iippi, Auitl. /•’h. (Jttim. Ar^enlimu lOl-i. 3, t»8. 

^ Ucilby and Ib'ndorsiri, Tmu^. (A}cm. Sor.^ lOOl, 79, 124.5. 

• Myliub and Kiiltn*'!'. Ztlhi'h. tinorrj. 19U», 95, 257. 

’ Sw Korn, Cheftt. .Vocn, |,S77. ;j‘»i 77. < 
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A nuxV>rc of mot bane, ethylene, earouii incnoxide, and hyi firggen is 
without atlion upon the pure nutal, nlthoiiLdi eomniercial pl<ftlinu/n ift 
hiiekennl hv it. 

Whi n heatt'd in dircet eont;u*t with differtu Ioki is of (‘jirhoiUK’cous 
inaterial Mieh as coal, ec»kf, eliarcoal, etc., j)latinriu isjiahic to h(‘e(uue 
Jjril lie and to fraelurc easily, ‘ 

At inOO ’ C. ])latimuu elTe(‘ts ilie reduelij)e ed’.bolh ferric oxide and 
ferrosoferric oxirte^ia aiif oxvi^en bein^ evolved and a solid solution of 
iron in platiiuuu renKiini..<x as residue. Tin* sani(‘ reaction obtains at 
lower toinperatun's. naniely, at ' (*., it* the oxygen pressure' is Nciy 

small. This ex[)lains why platinum erueibics sonudinu's iuerease in 
\\eiwht wlu'U used to heat oxides (»f iron at hij^h t^iupi » itares.- 

Sulphur alone has n<j action upon plaliimm,'^ but metallic sulphidt's 
are liable to attack it. Phosphorus, phos|'hid<‘s, and ]>hosphat(vs under 
rcdueinijf eomlitions attack the metal. si> tiiat these and tlu; aloresaid 
sulphides should no\ be iunited in platinum etueibhs in (piantital ive 
analvsis. Ibirie chloride* solution is reduced to ferrous chloride when 
< \aporat((l in a platinum dish, ])iatinum pa^siii*^^ into solution. 

W hen plal( s of ])latinuni are kept in an alkaline solution of [lotassiuin 
j)erman.i,umate for some twenty-four hours at the ordinary teiyperature 
they become suporlicially attteked, and on treatment with dilnff* 
pdt'assium iodide solution and hydroehlorie acid, red solulio.is are 
obtained, from which |)l:dinum sulphide may In* pncipitatc'd tai i)assa.Lre 
(»f hvdro^'cn sulphid.*.' 

Platinum readily alloys with many metals. Tlu* e.i • with which it 
alloys with lead is a. property made u.se of in jessayin:.: tju* mebil. 

Solder for Platinum. The only suitable solder for plaLimim and 
h’idio'platinum is jmre metallie iiold. 

Platinum Plating. A pure wlttte dep^T^ii of plaliiuim may bci 
obtained l)y usin^ a boiling solution eonsis^mg of: 

t grams [datiiium tetrachloride, 

*2i) grams ammonium )>hosphale, 

90 grams sodium j)hosphate, and 
5 grams sodium chloride 

* per litres The article to be plated ^hould be ^ke])t in motion, and a 
potential differeiu’C t>f from 0 to 8 volts maintained.' ' 

Catalytic Activity. Platimim pfiss^^ses eoi^aderaMc catalytic 
activity, e'en in thu eom])aet state, for thin platinum foil winV 
when i’nshly heated iii^air gl(»\\s upon insertion in a c jrn id of eonl 
gas, and causes iguitioi. if a jet of hydrogen gas i.^allowc.; imjiinge' 

upcm it. • . . 

Put it is when platinum is in ^ iiiuly divid<‘d (a)ndilion thal itfi 
catalytic activities^, re most proii«^>uma d. • • 

That in sueli ^ireumslanees the metal can act eatalv t ieally in - 
a.ssisting chemical reactions \<* take place has M*en kiTown for iriany 

C. b. Ikrtlu.lk’t, Ann. Chim. Vhifs., IS(I8, (i],*67, KS ; ?/W..i»S2b 

fii], l6, 5; nrut., ISTC., 82, .'>1*1 ; 1^^-, 9 ^. i?" . 1 johI 

('oLson’ i7.>W..»l.sS2, 9 «|, 2tJ ; AVm.^ iss.^, 51. *17 • Mi rnrnin:.M 1 . Amf-r. 

Chfm. J., ISSU, 7, 172 ; V. Mey^’r, ( .Vo/'ai, 73, 28 . 7 ; V't., ISIKI, H. 70 . 

- aiul HosU'UtT, «/. ]] (ifJutKfttjfi ArotJ, S(i., c, 203. 

lf<T.'euM and (ifit/cl, anrjfir. Cltun., lOuT.^O, It*: rf. 

♦ ('oifipt- urtd., IOCS, 146, 475. 

» Nikolan.s, /aUmu .,Kki'tr<»fh€m., iOU. 21, 10^. 
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ycMrs. ^riius fho n’dnci ioif^ of nitric oxid<? to ammonia by# means of 
iivdro;^ ii%in I lie pri si iiec of plaliinim was ol)ser\ ed ])y Kuiulniann in 
ls;iS : l^ic coinbiftaljoM lif iodine witl. liydroLjen, by (‘orcanvinder 4n 
IST)!*; Hie eon\ersJ(»n of hydroeyanie acid into nietli^lamiiiT*, by 
Delais ill and the production of t'tbani" from acetylene, by 

de WiM.Mii ISTI. ^ 

* II is IV('<(iienl ly convenient to employ finely di\ ided jdatinum in the 
form of a de posit upon other substances such asli^sttis. 

I*aal ami Windisch * prepan'd platinised metals such as nickel, 
copp(‘r, etc., by shakinif tlv imdal in the form of ]iowd(T \Nilh an 
a(jU< (Mis solnl ion of chlor-platinic ueiel, a de[H)sit of platinum amounting 
to .aboul ‘J-a per ecut. of the wcaiiht of th'* base metal beiuf^ aimed at. 
'rh(‘ jirodnct. was waslu'd with water, alcohol, and ether, in succession, 
and dri(‘d in vacuo. 

It was found that nickel has no effect upon the catalytic activity of 
IIk' platinum; jihnniniMni, cobalt, and bismuth reduce its activity 
appn'ciably ; whilst eojipcr, zinc, silver, tin, and iron inhibit its activity 
altoi'ct her. 

PlalinistHl jisbestos has l)een used to catalyt ically aeceh'ratc many 
chemical reactions, such as, for (‘xamph*, tlu' union of oxy^an and 
sulphur uioxidi' to forin t he trioxide. J'his re'aclion proce eds almost to 
conijilelion in presence of excess of air, and in IShS and sevei'd 
patents were issut'd in respect of this pnxa ss.- 

DiluU' solutions of ]K)tassiuni perinani^ninate' are reslnced by tlnely 
divideel jilalinum, jiotassium hydroxide and hydrated manyamse 
dioxide' bein;r pfoeluecel. 'fhus •’ : 

‘iK.MnO, ! n.,0 -iKOII 1 Mn,(), 

IMll/) • ‘iMn(()ir)i -I :U>. 


In ,‘i similar maniu'r the reeluctieui ew hyelrei^cnal iein of numereais 
orcanie spbslances such as einuaniic aciels, ite*., has been (ITe^'le'el with 
lini'|y divieleel |Matinum.* 

. Passivity. H is now a matter eif ceunnuiu knowhalije that jilatimim, 
like' iron, e'oliall , anel nie’kcl, e'xhjbits pass^ivity uneler certain eeuuiitions.''’’ 
I’eessibly this is ehu' to the tormidiem eif a superficial layer ^if oxide' 
whie'h preite'cls the- unefi rlyiu<^ me tal froRi attae'k. 'fhis cxplanatiein is 
support^ el Hy llu' f.te*t that elpriut; the' cles'l reilysis e>f platinum elljeerido 
nfiolution with platinum clcctreKle's, the aneielo becomes sli;i[iitly ('eiatcd 
with eixide'J' anel the same is true' whe'ii dilute sylphuric acid eamtainiu^^ 
frean ‘J-a to tO’jie r c/ ut. eif aciel is similarly e'h'ct reilysed." 

The de»alin^f*ol' e»xide torme'd is yelleiw to brown in ceihnir, anel is 
yisoluble in ceiUl sulphuric aciet inleinc, althouiih it dissolves in the 
prcse'iice e>f a jcducii^^ agent. It is ne)t feirmcil, however, in 50 per 


' l‘aal ixfA Wi/ulisGli, lOKt, .i6, -1010. 

St'o amount l>v Kni<'l.scli. Bcr., P>01, 34, -lOeil). AUf> tlii» Soricsi, VV»l.^Vn. ^ 
a W. Fostor. Chnii. Ancs, 101 . 7 , 115, 7 . 3 . * 

**Siv BoosgUi'H. /u(’. trar. tinm., ISUei, 35, ^fte). 

■ Si'o (Irulto, Tnii$.<. Fanhh^f aSV., 1014, 9, t ; Zt its^h. FlcUn t'fam.f 4'U2, l8, ISO; 
F. Fttor'^lriv'iml Yamasaki, ihid., lOlC, 16, 321 ; licK'istcr, /.tiisch. phiicsilal. lOaO, 

69, 23e). 

® Mario. e\),v»/'/. rciuL^A'M)!, 145, 117 * 

’ St'Utor, Tratiif. h\irafi(iy 100t>, 2, 142; Ruer, Ztilsch, Fkh'trochttn., lOOS, 14, 
302. 
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cent. siil[)]^uric jiciil, bein/^ apparently soluble in tliat conot iih’nlion of 
add. lts#]Kissiblc ibrinatiiau tbordbiv, can hardly bi* oflVj^-d^as an 
e>^>lanal^<)n for the insolubility «•!' ])latii:inu pu thc'iiioo/ conc^-nt ra U'd 
acid. Il, tlicrclorc, in th(‘ latter (*asc an o\id liliii is iornird during 
(IT’ct roly sis, it would a])pcar that a iliffcrmt oxide must be postulati'd 
tVoiu that produced in dilui^ solution.* W hat tliL^eoiuposil ions oT stieh 
oxides may be is »ineeitain. IVssibly tiie (rioxide, PtO.,. is not 
altogether uneounocted •ith these phenomena.-' 

Crystalline Platinum. Moissau observed that on deeomposiu<:j 
])latimnu letralhioridc at. a hi^h ItauperaUire the metal was le!! as a 
distinctly crystalline residue, 'rhis was iiul;rei‘ll\ Cinilirmi'd by .loly;' 
who pass(*d an (‘hrtrie current llirouirh pure j>lafjn! !:i ribbon ilusted 
over with tiiiely divided toj)a'/. .-M’ler beini* maintMiiied at red heat 
for liidt’ an hour luicroscsjpie crystals ot j»!a(inum could be observcil 
clin^iuij to ])artially decsnuposed topaz, 't hese gradually iner('as{‘d in 
size, some reaching 01 mm. in tlie course of two hours. 'I’he crystals 
])oss(‘ssed a liii;h metallic lustre, .and beloiiLTcd to the cubic system, the 
]>revailini| form bein<y th(‘ oetalualron or siwue uioditical ion of it. 'I’luy 
were unatlacked by hot h\ dn K'b.loric, suljdmrie, or nitric .aei<l. and 
a])p( arc'd to be unaffecte d by e(>ld hydrolluorie acid, allhounli sliLihlly 
attacked by the last named vl^C'ii hot. Itoiliu'i ;i(pia rei/ia c^mph’lely 
d^solvc'd the crystjds. It is ;u»t im])robabh‘ that lluorine, lib. ralid 
from the topaz at thc' hi;j[h temperatun\ attaekc'd the* plalinn u. yjeldm;T 
the- tluoride which in turn dissociated, leaning the' rc'-idue oi ervstallinc 
metal. 

('ryslalline platinum may also bc' «>bt;uucd by iLrnitr»»n of poCrsaum 
ehlor-pl.itinate/* and by hc'atinj^^ spongy ]>la'dnum withVupric* ehloride,*^' 
Small crystals have bec'ii observed in electric furnac'c's m-.u* to plalimuu 
electrodes, evidently due to the si^bbm.ati^n of the natal below' it.s 
laellinu^-point.’ 

Platinum Hydrosol or Colloidal Platinum. .V solul ion ol‘ pi d iuum 
liydrosolior colloidal platinum m water is ctsily prcp-.ied b\^ ■.pai'kln;^ 
bc'l weeii platinum eli'ctrodes immersed in ie< -eoojr. 1 ,\\f [T r."^ .i ^irii ut 
ol' about 10 ani])eres and tO \ (ilts bc iuL'' employed, 'blu c leellod^ > 
consist <>!’ tliTck jelatinum wiri'f and. when place d iVcun 1 1 <» '1 mm. apart, 

* sparkin^^ takes place, pardeK’s ol*th<‘ mJ^l.al bc iciL' lorn oft aiicl suspended 
in the Vatcr. ']'he licpiid (hu^ wblaiited is allowed to si ;md av (auinli! , 
and ?lei'antc'd from any sediment. It has a ck^k e»»w* 7 ,ir, ilu* 

inc|i\ idn.'d metiJIie p^articlcs cannot be distiiiLUiisbed e\en with f Ue aid, 
of a microscope. 

('ol)oidai plalinnm ?T»ay also Ik* pie])ar< d by rc duel icMnol I l)e ehl«>i id<^ 
with hydrazine hydrate, in the- pn seuec ot a prole (4ivv ec’wMoid {vhle 
iiijht). , 

C’astoro recommends acraldehyde as a su:lab^,e reduejn;' a^n'nt.'* 

Wdicn platinuifi ftirc is licat^d to ineandc m c ncc and plun d imo 

‘ Iviier, loc. at., f). • 

• WohU-r and Martin, 42, 

3 Mors.-kan. re./ul., ISS'.i, 109, Sn7. 

^ fitly. Mature, 4;^. aJI. 

* .f.iO(|urlain, ./. praU. '( 'u., Isjl, 22, 22. 

•' Limtn<?r, f 'fn ni. Z*: 'iL, H)2.'». 

■ Viuntz, and Oa^sf-tt. fan., fiuU. St,r. rhim., 10 jini, 3'^, lljuc;, 

* Bredig and von Btaneck, ph'fsihiL ( 'fn . 31, 

• Zcihclt. anuro. Cfujn., lani, 41, 120. a 

• 
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clislill( (> \v;ifpr flic presence of colloidal metallic particles can be detected 
by ulfVi“iiiieroseopie, examination.' 

, As rnenlioned«abovcy the slaliilify of colloidal metal solfitions^is 
coii ,i(l(M’:i})ly cnlume’d by fb(^ addition of certain organic substances or 
pn »licliv<‘ e<)lloi<|s. I’or example, jr^latin lias beefi lVe<|iu‘ntly employed, 
()•.> '{ram pe r lilic of colloidal solution pnivinc very effective in pre- 
Vculiu^^ Dll' coaLuilatifin or precipitation of the metal.- Extracts ot 
I/claial moss'* ami o('^(juinc(‘ seed * have also ^(!cn rwetAinmcndcd. 

Paal’’ (Miiploys ih(' sodium salts of protalbinic and lysalbinie acids, 
svhi(‘h are jircpansl from eyfo alliumeii by heatinLj at 100" (.'. with a 
.*1 per ccni. s<»lution of sodium hydroxidi*. Addition of acetic acid 
effects the prceijiit ion of protalbinicr acid, which is washed tree Ironi 
sidts by dialysis. Th(‘ mother-liiiuors contain lysallnnic acid, which is 
separated by concent ratiiu^ to small bulk and acidifyiiiLj with siil[)huric 
acid. It may b(‘ puritied by dissolvinijf in water and jiourinfi the solution 
info alcohol. An alkaline solution of cither of thesi- acids is prejianil, 
and to it a solution of jilatinie chlorate is added and a sli^dit (‘xci'ss of 
hydra/iiu' hydrate^, the whol(‘ b(‘inc allowed to stand for live hours. 
Tlic salts produced are washed away by dialysis and the colloidal 
solution concentrated, the product beiiif^ dried at 100" (\, when it 
yi('lds bfack scales, readily soluble iiij water Xo a brown opalescent 
solution. • 

Amberc<’r has used lanolin as protective colloid, 'flu' lanolin is 
impn‘^malcd with an aiiucous solution of a jilatiuous salt, and inti- 
mately mixed with tla^ requisite quantity of alkali hydroxide to pre- 
cipitate* out the* platinum as hydrat(‘d oxidt*. I'his is rcdu(‘('d to 
Colloidal nictalln* platinum by hydra/ine hydrate. Hoth the lanolin 
and the colloidal metal are dissolved by li^ht ])etroleum or chloroform, 
and the whole (»f the mehil with ♦a portion of the lanolin may be re- 
])reeipilateel on addition of alcohol - a reaction affordinj' a means of 
increasin*^ the eoneentratioirof the nu’tal in the preparation. 

Wheq stannous chlorieU' is adeled to solutiims of platimyn salts a 
rcd^i Aoratam •is. proelueed, which is due to the formation ol so-called 
ml i'olloitUil platiiiani, which is kcj)t in a line stale of division by the 
ce>lh)idal pnxlucts of hydrolysis of th« stannous (‘hlorTde*.’^ In the 
absence of a [)roteelive ee^lloifi the Ted [)latinum chanjre's to brown 
colloidal [)lalinum. Ar. interestifltj anal(;iry may be traced bi lNV-en this 
red collTitlal^.aetal ^md the better-known colloidal »:old, termeil “it)uri)le 

» • ,1 4 « 

,;.)l i assius. 

Colloidal jdatinum possesses considerable eafalytie activity. For 
example, it slhimla^es the deeomp(esition of hycft-oiren peroxide solution, 
a dilution of om* jjiram atom of platinum in 70 million litres of watci 
J/iavinjj; a pronounced aceelcTatim; effect. 

The deeompositioy oT hytlrocen peroxide in this manner is a con- 

* Kimuni, Mem. Cull. Sci. Knq., Kyi4o Imp. Vniv.^ -It; abstractcil ir 

J. .V.).*, ('htm. huK lir.lC 

Zsi^tnoiulv, Avnnlen. 18US, 30%, :1S7 ; Chem., UKIl, 40, ryj7 

Bmlii;. ZeiKsch. amjiW. Chem., 18l>S, p. ; Kusprrt. Ber.. Il)n2, 35, L’Sla; TaW am 
Amberinor, Her,, 37, l‘J4 ; Fricml ami I'rice, 7V(in.>. ('hentj »S’(x*,, 1901, 85, ir)2G. 

® Outbior iiiul his^cultiiborators. KoUnid-'Adi.'nh,, lOU*^ 18, in, « 

^ (lUtbif'r ami Wau;nor, ihid., 191(5, IQ, 298. • 

•' Taal, Her., UH4, 47 , 2202. \ 

* AujtKTjjor, KoUnUl /Miiheh., V-'t3, 13, 310, ^03? 

^ L. Wiililcr afal A. Sprongd, Zuluch. Chem. Ind. Kollvide, 1910, 7 , 213. 
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vcniciit r^irtion to study, since its rale can be followed by f^ration 
^vith [>ol;»isiuni pennanj^aurde. Toth in acid and in nenlr.y solution 
it proceeds strictly in accordance witli the mdno' inl^ailar reaction 

11 , 0 , 11,0 o. 

In alkaline solution Ibtf^ catal\ 1 ie aelit'U <>1 Im . -iloMlal plalininn 
increases to a inaxiinuin with inen ase <»f alkali ei>neent ral inn ;ind llirii 
ih'creascs, in lTief\ r(‘s|^e’ it behaves in a preei^i ly similar manner to 
certain (»rijanie iVrnu uls. 

CnllniOal |)]alinmn still furlla r resenH>les oic uii<‘ lermeiits m ils 
action iijKMi hy<lronen peroxide in that ils;u '.i\ii \ is o dneid partially 
paralyst'd by Iheatkliiion of poisons such as h\din:.*n v \ uide. liyihn<M n 
suljihide. or inereurie ehUnitle. Alter a lime, lioNseNar, the imtai may 
recover from llu se. 

M'he reaction is not affected l)y li;^hl. but increases with the eoneeii- 
Iration of tlu‘ platinum, altlmunh not dirielfy in jn’oporl ion to the 
same ; it is also enlianeed by ri''(' of tenijH ial m • J 

d'be rale of de<*omposit ion of by<lro;jfen pi joxide b\ e« ►ll(»iilal plat imim 
has beiai made nsi- of in deiermiiiinc the absolnie and relalis c iiilhn nees 
of difh'rent prol e<‘l i\'(' ( -lloids upon the eolloi<lal metal.- 4^''* limes 
reipiired for llie (h'eom|»osjt ioi^of a delinile pi iecnl a-^i- ol tlu [m roxide 
inider Narviii^ conditions bein^ noted. 

With gelatin the results arc typical, and an^ LUMn in tla Ibllowmi* 
iahlc : 


P< n'l'ol.tia' of 
( II I it ill. 

K( lal ivi- 'I'iiii' ' n|iiiti. (| 
di Ml •[m ;- 1 rn< . 

tin; i'rr<'\id«' Sulut ittii. 

oooo 

H'O 

O'OOl 

. • . i;(7 
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Tt will be observed tliat even small cjiianlilies {‘>f ealalmTX^ft a 
most nnport«4nt inlluenee, relaidinc t he dei omposil M»n ol tin peiovidn 
» very considerably, as Is usual with a ^roleeli\e et»lloid. 'Fin- m int in, 
howev<4f, increases the stabilil\ of ihi' eolloi(Jal im lal solnlion, .'ind 
lend^to proloni; its period oT activity by pfe\rnlinu it s ,p»s ' i^pit at Ion 
by i^eetrolyles. tliercby enablini^^ many »• act ions fo br slndied other 
than the decomposition of pure hvdrojri n peroxiile s(*lution. 

When colloidal platinum is aildrd to mixtnns <^f (pro's priniomi 
snlphnric acid and atpu-ous hydrogen peroxiik ,• o:^Vpr, - [s rapidly 
evolved ; thus ^ : • 

irsoj ; 11,0^ iLso, i ! Cj., ’ 

Solutions of poroxulc and polnssiiiin pc rsiilpli:i_lt^ lotcracl 

slowly in the cold, tht' pate ol* rca<;tiou heinj' j^ri^atly efilianced by the 
a<ldi^iou colloidal piatinuiu^ : , 

KoS.<), ^ H2()2 K..S(), MoSO, , ().. 

' Broiig and von n«‘rnirk, Zntficl. jJf.tHthil. IMi'.i. li-'tS 

" 1014 . 88 , 11 1 . . ..r 

* Price and Friend, Tram, Chp.m. Sue,, lO'M. 

* Friend, tiad., 10 (M*, 89 , 1 ^ 02 . 
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nioiioxidr coinh'incs witli oxyj^cn to yield earbr^n dioxide 
wlirn sli^iko n ;it onliruiry ti'iiipendures wit li colloidal }>laliimn» soliilioiid 
wloKt hvdnun'n itnd oxf ^eii ’^^ascs unite under similar conditions to 
yield water." 

( nlloida! pla^bimn solution absorbs hydrotreif "as, a roii"h ]m)f)or- 
lionality (\lstin" btlween the eoneentralf’on ot‘ the metal and the-, 
voliiiiH* nt hydrogen ajisorlied. Certain protect iv\‘ colloids, such as "uin 
acacia, dcxlrin, and albumen, liaid to reduce ^die aniofmt of hydrogen 
absorbed, but sucrosi^ has a ne.L»lii»il)lc effect.^ It was to be expected, 
therefore, that eoPoidal platiuuni would assist in the reduction of many 
substa,ne(‘s in tin; presence of hy<lro"en j^as. This has, indeed, proved 
to be the casi‘, A<*etylene is reduc(‘d to ethyleiu* and ethane,'* and 
( thylene is rcilueed to ethafie.*’’ The activity of tiu' nietal diminishes 
after ri'peati'd use, and, just as in the decomjiosition of iieroxide ahaady 
reterreil to, the reactions an* increased by inereasini^r tin* coneint rat ion 
ol‘ the colloidal m<‘tal, sd’eh increase is by no means directly proportional 
to till' concentrations employed. 

t\“rrie salts are n'dueed to ferrous,’* and ammonium molylalate 
likewise sutlers reduction.'^ 

IMatii^mn hydrosol also catalytically assists in the reduction or 
hydixn^enal ion of many orj^emie substances such as imsaturati'd oils, 
d'o this end an aqueous solution i)f colloidal platinum is added to a*ii 
alcoh<j|ie solution of the organic substance and hydi’o^in "as bubbled 
lhrou"h. 'I'he tenqK'ralun*, pressure, and (‘xtent of agitation of the 
liquid lire important factors. In this manner linseed and other oils are 
rca lily n'dueed saturated or "‘hardened,” to yield white* fatty 
sub lances.’^ 

T\v activity of colloidal platinum is reeluee'd by such poisons as 
hydro" *n (*yanide or sulphuh*,^‘ but increased by short cxjiosun* to ultra- 
violet li"ht. On tlu* olh(*rJiand, prolonired exposure* tei ultra-violet 
li"ht (‘ause s the elrposition e>f the* metal as a blae*k, lloe*e*ul('nt pre:'e*ipitat e*, 
its catalylie* lytivity be'iii" the'ivby teitally de'st roy(*el.“^ * 

^Mv'iielal pkftinum may alsei be ce7a"ulateel by iidroducin" plates ot 
various me'tals into its a(pie'e>us solutions. It is found lhaj plates with 
rou"hene’d siirfae*es are mori' ae*bve; thaif theise that are* smooth, <»thei 
things beiii" e’ejual. The followim,^ is The oreleT e)f activity of^Mie* live 
me’tals that have l)e*e*n ('X))erim«*nle'el with, the lirst nameet eausluLf the 
me>st r:^|>iel"T‘oa^ml.'%tion of |he jilatinum, anel the* last namee\ the 
liJeiwe st : /ine, steel, nickel, tin, anel ce)pper.** The; e xplanation apfie ar.^ 
te> lie in the se»lution of trace's of the* metals upim introdui*tiun into the 
colloielal se)lutft>n, vyhereliy positively char"e‘d ions are tbrmeel whiel 
neutralisi*the luVidive charges of the ce>Uoid particles. In support ol 

^ ‘ />Vp., I am. .^9, fOS. • * 

> So<' I’iuil !HKl‘Si-li\vnr/. ./, pralt. i’firni.^ ttHO, |ii). 93, 

* Kornnt ami Niqeiusa, linuL ArotJ. Sri. Fin. Sajtoli, yiOO, [iii], 15 , 1(38. 

* l*a:il aiM Sul»,var/, llUfi, 48, 1202. * 

* l*aal anel Nuhevar/, ihitl,, p. OOlit * 

* /A'il^rh, Fh kinu'hf fu.f VM \. 20, 370; 1015, 21, 310. 

' I’aal amt llUKiwr, lltr., 1015, 48, '220. ^ 

** Neimunuis otlu’r^uxainpU’R of mainly e>{ niu snl'Staiic%«, have t)et'i 

iiiVi‘stiufvtv\W Vaal aenl (luriiin, Hrr., lOOS, 4n 22?3. 

* Bri‘di«; and Ikoda, ibid., 1001, 31, 1 ; rfj^a* ami l‘>iou<l, 7'eoj-v. Chem. Soc., 1004 

85. 152($. • , 

I*. J. Farnu*!’ »eed F. . Attn r. Che Sac., 1013,35, 1524. 

ISp^'Af Atid Kallti- J. .Iwitr. Clirtn. Soc.^ IftlS, 40, ISl. 
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thi^. it is iiili rrstin^'- to note on ^tMiot' of (‘<*j>()er Ix'cn 

dnnonsi riTt'd in tiu' i‘oa‘julatul mass |>rtrijvil:dt'd iVoni fi'i'^loidal 
solution i)V til - ini reduction of a «o|>|»tr plate ^ 

Sojid Platinuin HydfosoL ^IIk' hydr<>’-oj j i / 'oe obtained in tTir 
s* tjd state, eofnpletel, soluble* in >\arni water. iiti'' is most re.-idily 
ii''eoniplislit'd ‘ b\‘ e(nn eut latnai o\er siilpburii' ViUiH) op the 

A'oll' tidal solution obtaimd bv I'edueinM n j l 'imiui sail With hydra* 
/ine hydrate in t!^e j : -st'nee of a proteetixe iolhtid, sueh as niim 
aeai-ia. 

Platinjni Black. I his etaisists of platinum m a n ery line s!.i'<- d 
di\ isidii, am] eontamiiiat(-«l with 1 ra<-es of !.?r, i'.;n ibsl anees \ nieii \ ary 

aeeorriimj to its nuliiod of preparation. 'This n- eon.si-'ts of 

preeipital ine the meta! ironi stdnlions its salts b\ ridia ine apcnls. 
To this i inl al<*oh<»l has bern usi-il sueei ^slnlK' m llu jneseiiee in 

alkalies-; sodium formalt-.'^ ehi<‘<»M‘ in alk.ihm- solution.-* sodmm 
a<-etated hvdra/ine hydrati' in alkaline soluhou,' formaldehuh in 
sodium hydroxide solution.* and nlveerim- with pi>lassmm by droxide 
haya- also hern used as redu(-jn!j ae‘‘td‘'- In-ti ad t)f tlnse r« .apeuls, 
the molt' liii^dily elec*! roposit i\ e met.-ds ma\ be ustd. ;is. lor 
examjih', maeuesiniu." ziiie. or aluminium. 'The last naim-d metal 
IS reeonum uded l)y Mei)< »’mitt in sheet lorm for tin ‘ajmetr u 
ol, platinum chloride soluli(»i' •>iiiee the pri-eipil at ed plalii.oii i, 

rela(i\eiy pure, yery limly di\i«hd, and eonlains uo a'uuimitmi, 
wherc-as, when ziue is usid, traei s of ibis metal eont aminaic* tin* pn'* 
eipilaf 

l*la(imim black is ii poyM-rful ealalyser. (-ffec'liii' Mm ui.^ou of 
liydroe<i! ami o\\ern with (\pio>i\e \ii''em'<-. It oadily ah.orbs 
hy dio'.M n. Alt houLfh the hydrosol oi ..l.ttimm eiiabh s railx tu monoxah 
to unite \'.uh oxyeeii to j'orui the .h \i<h wl u 'diakeii with the mixed 
(ses .‘d ordinary temperatures, reaeti' ii eieu s not apjuai' to lake 

piaee^iu the' jirese-nce- of plat mum blae-k, 

.\n iule-re-st ina reaetion e’on>ists in ilu eixielalioij a! m» de rie 
nil I'oaen in ail bv t he' aae-ue-y e»t plat mum hlaek in t la |,)is -4ne'e- !>l p)tash 
or bary ta wr.te r, whe rc-by nitrous .-leiel or ammonium mlr.o ‘ne- 
produe’ed.'' 

Not only are- oxieiisine re;a<a ie^ns ,-m e -h rated l*y platinum blae-k, but 
ri-eluet i< /s are* simiiarly hastei? d. in the- je'.oiae of (!(-\li-osc ii 
ndm i s I’re-e nit rie- ae-iel to amnaaiia. pt * assium eljeral « amJ, pc rehioral <- 
to eliloriele, auel ])ot as.-,iuin ioekile- lo ie» 4 ale‘.''’ I»\ he at in;.’ j^l duium 

black tei be-lweeii IJOe; ami .Odd (', its eal dytie liyelroj:.’« nat ie m ae.'liy ity 
is a})})re;eiabl V redue'e-eidl 

‘ liuthiri .111'! Hefnn'ii r, ./. //r.'/./f. f'ltim.. r.'**'), oj'’^ yi, 

* ! >avv. X'. 7 //.-- s_’l . 31, ;n<) : , ! '-fj. A t u>il‘ » . \'^r, fy, iriLC 

'- 1 I , \ n no 'll, Isli,'', /'‘i jsl ; Ciuth •! M • ' i- /•'( ' I'll!*, ^2, 

n. Diels. ” m * * 

* e'd ijK I, ■. e>». f.<t. Art', ! 5 , liiO ; I.o<s», /»</., iS!M* 7-a, 

^ I’.ed, lia ,, I ‘.del, .^9, r-l^. • « 

Iran W a wile- h, Jiall. S< *. rhit.'., tsTl's 25, 

' liottL^or, J, j/ruU. (An III,, IsTU. 2, I'iT. • 

^ Mc!vrm »(i, <J. Avnr. < fnt:-. I'tjr., lyiu, 32, 

Nvr.hk-r, fi'.r., 36, ; J Aijru-. S. Centra.-t Itios. tl 

and Smith, ihuL, lOeieJ, i, 144. • • 

I.o«;\v anei A.^o, UuU. Coll. 'i^dyo Imp. Cun:., ’'‘hr;, 7, I ^ J. Cin m. -SV., 

Uttitk 90, ldk ^* 5 -* 

Vavon, Compl. nnd., lUU, 158, d/J. 
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ir> Jc;r/,im‘ bydnite is caiivcrtcn oy j)liitinum black into intn 
and atiiiiMmiad tlio miHion prom'diiij^ accordin^^ to tlic ccp^itioii : 

- iNir, + N 2 + 3ILO. 

N<‘illn'r }iydn)0(‘n#ior nitrons oxide appears tA be formed diirin^^ 
proe(‘.ss. 

' IMalinmii black slowly absorbs 00 times its volume of carbon n 
<)\i<!(' at ordinary leinperalure, and appears «to fomi •!! ebeini(‘al (‘ 
pound wilh it, ’all bouifli efforts to isolate any such substanee li 
intlicrio pro\ cd abortive. ,Tbe absorption can hardly be a jai: 
tiK cliaiiical effVet, sin(‘e other siieh as h)'dro^a‘n do not efh'ct 

eiiiiiina! i<»n. I 'pon^heating to ^aO'’ C. the earbon monoxide is sudde 
lilaiiil cd.- 

i^lalinum black, if it has not been i<rniled. dissolves in eonei'idra 
hydroelilorie acid in the prc'senee of hydrogen pcTOxide, yit'ldin^r chi 
platinie acid, ILPK'l^j, which, from its method of preparation, is laitir 
free from nit ro eompoutids.'* 

Whin i‘xpos(‘d to red heat, ])lalinum black shrinks and be(‘on 
sponj^^y, no kuiijer blaekenin*^ tlu' linj^ers. 

Platinum Sponge is obtained by ij^mitiny ammonitnn ehlorplat ina 
preh'i'abfy in hydronc-n, when inetallk* platinum is left behind as 
dull, nrt'V, soft and porous mass. Its density is approximately l.M-1 
Wlu'ii licat('«l lo whiteness it may be welded by hannnerini: into eonipa 
plat inum foil, 

Platinum sponge rea<lily absorbs hydroLi<‘n, and wlaai eharued wi 
this nas Ixromes ineaudeseent in air owiiuf t(> the indneed eombuslio 
This is tlu‘ principle of the Doebereiner Ja;,d)ler us('d for iirnilini; eo 
iLcas wilhoul a match. Hydrogen and chlorine readily unite in ll 
presence of pkatinum sponj^e, as also do hydroLfcn and iodine*, all hone 
not (piile so rapidly, riatinum sponge prepared at a relali\eiy lo 
tempcratina* will cause hydro«ren and oxy»;en to unite wilh expl<*si\ 
vi<»!enee. 

\Vheti‘ spongy pl.'diimm or <*ven the eoinpaet toil is boiled wit 
sulphuric ayid eonlninin^ ammonium sulphate, sulphur dioxide i 
formed, and s«>iue free nitn>*:eu evohed. '■ 'I'hi' ])lalimim ajlparenlU act 
as a. ealal\st by alternately ynhlin^^ tla* disul])hali* ajul fn^i* metal 
thus : • ‘ . '' 

^ - Pt 1^III,S(), Pt(S(),), I 2SO0 -i 411,0 

ttPlfSO,)., d ‘JN, -i ;UM i si!/)" -f .sSO,. 

NitroLi'en is not evolved if the plalinmu vs replaced by irold oi 
iridium.'’ 

Explosive Platinum is obtained by dissv>lvino an alloy of the metal 
\rilh excess of /ine in hydroehhu'ie acid. The /ine passes int<) solution, 
leaviiiLT metallit platinum in the Ibrrr of a tinely di\ ided n sidue. 

.\s obtained in this way the platimim is fretjue.dly ex})lo,sive, b\it 
not always ; its l)ehaeiour is very erratic in tie's re.spect. 

'riu* explosive property appears to be due lo the union of oeeluded 

* OiilUici met Z>ihih. /iAms'/u/. Cfiftr.., I'.Mit. -'’*5 - I'xiLM'tfi and 

ZaMi<'l)« lli, laoi. 31, i. AT ; 'I'anatar, XiUsffi. iSsH.-dl. ( htni., lUUli, 40, 47a. 

" MmiIu-. k .hkI Zdhek. anonj, Ch* h,^ isas .'Xk 

^ l\nitnii‘U anti Aunr. ('hfm. X'x*., 39, 

^ Ai' inkaUi, /'/'V. Ac//! S>>r, AVo>}., HMH>, 29, 721 . 

" rend , I 90 r>, 141, 



TLATlNtTM ANl^W : COMTOUNDS 

owiron ]i\ (In^^fcn. tor the inelafis not ex]Josiv(‘ if ol>tiUik‘^ia th 
I ntire ah- ‘iiee (A' aird / 

Atomic Weight. JppnKrinmfr /'////a*. Srvral 'ims of arj^iiingi 
lead i:s the eofieluMon lliat tlie atmnie \veiiiiii a I ’atimnn is approxi 
}i»at(’ly PK“), and ii(»t a multiple or sid>hiull i[)ie »f this arnouut. 'Fh 
more ini})nr!;mt of tlu‘s<- m iv l)i‘ Mimmari.sed as I’oIu as : 

(1) The spi-eilie ia at of plalinuiu ))et\veeii o and HH) ’ t'. is 0 
Assiiminii a mean domi'* heat of (M, a})plieation ol“ Duloj):,^' and IN lit 
Law leads to the \alik IDS for the approximate attauie wt‘i;.Jd o 
piatinnin. 

(‘J) riie eheinieal properties j>f platinum and its e* nipiaiiids • \hihi 
int»res{ ini^f i-« ^tinlTincs with tliose of niekel aial palla- ' tiin, on the oie 
hand, and. on t ia*i>tlier. I law ser\ e to eomph-te Ihe'nadalion in jat^pi r 
lies oljsenadjh' aswa- pass fia)m osininm thnaiLiii iiiilimn to platinum 
'Fla re ean thus l>e only one p(»sition lor the nut a I in t h(‘ I\ riodu* Seln me 
namely, at tlu' elose of llie tliotl vertieal eohrnn in Id'onp VIII. aiu 
uith an alomie weii^ht slightly i.neat<r than I'Jd t lal. wt, of iritliuni). 

(.‘ 5 ) 'Fhe measurements mach- l»y /.amh(niini '■ <'f the erystalline 
potassium salts of plumhi<‘, stannie, ami plaiinie acids shows that llu^ 
salts are isomorplioiis. ^>y Mit x'lienieh's l.aw. Ilurelore, they should 
ha\'e a similar e(*nst it ul aai, and assuminj^ tlw lirst two sails to he 
r. presi’Uteii hy the tdrmuhe K^IM)(( )l I),j and K.Sn(()ll),, respe- i i \ • i;> , 
it follows that the platinale has tin' formula Iji other 

W(»rds, a moleenie < I potassium platinale eontains (»ne eoinplet(‘ al' in 
of platinum, and om- only. Similarly potassium <, 'or- plat imn '■ is 
isomorphous willi potassium ehl<»r-staniiat<‘, K^SnCI,;. and may he. 
assumed to h:i\-e the formula K.^LH'I,^. .\iial\sis of tiuse eoinpounds 
imiieati s, then Ion-, llrat the atomic v\ei;ih( of platinum is aii l 

not a multiple or simple fiaelion of tins aim>unl. 

/’(//ae.- 'Fhe lirst dettrminat io. of tlie alomie \\ei;ihl of 

])latmum was made by Jhr/chus in From the an.nlssis of 

|)lat inou^» ehN'i’ide he found Vf Vfhi, 'Fwo y ars l.h- »• la- pnhlished 
his (jet erminat ion of the eiuiiposiljon of j)ola .simn* ehifu*- jilat inate : 
()-!)Sl paifs of the salt, lost I f)f eliloriim when iyiiihd in !iydn).(n, 
lea\ini^ :i residue eoidaininj,^ ‘AsS-'*2 e)f platinum and (d' jjola.ssiuin 

chloride^ Hence:. • 

• From i\Jh^l„ : 1(1 Pi /.V.S-.-j 

.. KJD( 1 , : ‘JKC I ri 

.. K,l‘l( l„:l‘l h I'.rhl 

n 

'Fhese js suits are now^ known to lx- e.\treMM-l\ hi;du l>ui jinlil ISSl 
the aeei’pted (i;L.mre for the alonre ws ish! j»f plalimun r»sl( d entirely 
up<‘n tla ni, ami th' \’ a]>])<’ar( d to lx* ecMTohorat « d hy some anal\s( 7 i 
published hy An(k« \^s ' in • 

In ISSl Seiibt r .'dm his anal \ s< s »tl' ainrmninim am! pot.S' aum < hlof ' 
platinate.^ showed that die alomie W(i^kl of plaiinum approaxl-fs th(* 

' Sim* Annuhii, ’ s<Xt, | j}>^ 2"»7 ; I!. < -li-M iJi«i S'li ' > /.•'(•■■I,. 

(7/0//., i!»ns,,6i, aas.* . , 

- S. f B.'IIuimm iHid f’a» r/ivaflo, , 1(0 A aid. 7 a 7 /to, | v j, 14, u, l.'/ 7 . 

jtrr/i'liu', /’'/r/7. Anofihn. IS.M'., 8 , 1 . .. * 

* lier/.rlius, HJ.s, jj, 4i)}S.* • 

Anf!r<'s\s*, Jirili'ft . 1 - m »/•/'/(»'./;/ Hf/if'Tt, IW7. 

• .ScuUett, AiutiiUh. l^sl, 207. t ; Ihbl, sli.'i. 
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value l‘l\ LW, and nol 197. Ilfs* rrsiilts were confirnicd by IIjiUkt- 
sladl ‘ in(lsSb \vliil{ Dilhnar and McArtliur - three years lafir arrived 
at, a soiriewlial. hi;(1irr lii^iire as the re.'^nll of Tour rather uusat^raeiory 
aiialvses of ])»>tassimtV elil<>r-])lalinate. 

The results of Si‘iiV>ert and Ilalberstadt Jiav( ])een snpjdanlcnl 
by the nau’e modern work of Archibald, so that it will snlliec to quote 
the ratios that they established and liie values for the atomic weight 
of plalinnin deduced from llu-m.^ 
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'fhe modern value for the alomie weight of platinum is based upon 
(he extremely vareful analyses of the ehlor-plat inati s and brom- 
])lalinales of potassium and aininonium publishi'd by ArehibahM in 
lt)t)!t. 'I’he utmost preeauKoi^s wlheh modern (XperieiuH* has showji to 
be necessary w'l're taken in preparing the salts in a slate of purity and 
dryiK'ss, and in elTeeting I he- numerous analytical oj)erations. 

'l'ht‘ analyses of potassium ehlor platinate were earrieil out in tlu‘ 
following inai.iur, d'he j)ure dry salt was weighed and heated in a 
sinxiiii of hydrog('n : 

K.Ptde I ‘JII, 2 K(i •! [ llH l. 

“/I 

'ria* hydrogen chloride j>rodiu*ed was absorbid in water “40(1 tlu.* 
hydrc'gen eh*''rKle in the solution detefmiiieti by titration agairust a 
weighed amount of '"silver, dirsolved in Jiitrie acid, the <'nd point, being 
Cieti rmined neplu'lomelrieally."’ 'I'lie preeisi^ siber e(juiv;.lent of tlie 
liydrogen chloride having luvii thus detcrmii ed, the siher cliloride 
prodiu’cd was eolhvlcd, waslad, dried, and weighed. The residual 
mixture of potassium ehlorich- ;md j)latimim was trialed with water to 
dash out tiu- jiotassium .salt, and the j>latinum eolheted, heated in 
hydrogen, eooU'll, and weighed. The chlorine in the potassium chloride 

'• iljillu is.aiit, litr., ISST 17 , 

* Oittniar aiul .McAillmr, ./. Nnr. ['Inin. ImL^ Iss7, 6, ; Trun,'<. Hoij. Svc. Kdin- 

huiyh. |SS7, 23, alii ; cl. Scul-crl. /wr.. ISss, 21, 

^ 'riicNc ami all .suc'ccciling values are not tliose to In- ti./umt in (he oiiginwl meinoira, 
but have been ivealci.bited, eiuiiUning (he h.ll-»ving aulj^nleiit vUta : 

0 Ib OCa, 11 =. 1-00702, N l4-t)08. i \ - •h'i-)57, iir = 701)10, K ;JU lnu, 

Ag 107 8S0. 

* .Arehiliakl, /Voc. lioij. Soc. EJinburgh^ 1009, 29, 721. 

^ 8ec this Series,. Vol. I, p. 24 ti. 
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;* i 

was iletcr^iinod first ))y lilratiair it and tluai by ityi^ 

and thr '^ih rr chloridi' prodncisl in that n|)(a*atii>i.* 'I'lnis, 

(‘(^mNpdiidmir l(> a (sa'hiin vvi-nilil o’’ inaa'^siimi ol<lor jf »1 inatt\ iIk it wnv 
(>l)tai!H*d t \vn \V(ML:lits ot' >.ilvrr. tw.) Wf iiiiits (»!’ - - f'lili*rid«\ and onr 

'v.riiiht orj^latinum. I’a*- si\ wa-iiL^lit^ bi iin^f in thn lollnwin!,^ Ions : 

K.PiCl,, r^r, tA-cl. IM. 'JAi:. -jV-'I '. 

*" • 

It will hi' l!..!U:“(liatrly ohxituis tlial snt'h roMiplali- analyses, if enn- 
(‘ordant, alft»rd \ali!anl inl'^uMiaLcn vi^ipiniinL; (lie ]>nri(y •>!* Iln’ 
potassinin clilnr pl.e :n;ite. Nine '.alius r«>r the alonue >\a'iL>ln of 
platinnni may I)*’ «l«‘ilne(‘d tVom eaeli ev|n-i'ini' iit l>v j'alenla* i )n IVr-in 
the follow iiiLT ratios ; 

(J) IM. K.PUl, (t) K IMt’l., : l (7) Pl:‘J\<r 

(•J) IM : lA-i l (r>l KdMCii :‘..!Aet 'l (S) K .1*1(1, : t \ir 

(:}) Pi :-JAl;( 1 (li) Pi : lAi^ (H) K,Pt( 1, ; ‘.^A-r 

'I'he niiu' \ aln(s for the alonhe \v« i<aht should. o|“ eonrse. lx* hiidily 
eoneordanl if tiu- pun- dry sail lias Ixan aceiiralely analyseil. In llu* 
event of the ort'jnial salt no| hrin*/ perfeetiv di\. all th(‘ ratios not 
in\dl\ine the weejht ot the s;,|f should \ield the same liaun- for I h<' 
atomi<‘ vveiaht in oue^ti-.a. liu! Ilie ot h< r ratios should ei\(‘ hahlly 
different n'sults. 

'fhe aiiaU s('s of pot assium hrom-plal inat e weri' effeel ed in a me an r 
strietlv analoiU'Us to those of I he ehlorplat inal e. 'fhe ana’ \ -.es of I he 
ammonium salts ws le simpler ; the imtial r(aelion b« iii'f as loljows : 

(\Il,),PtX.. -Ml, PI • ‘.y\ll,X ; II X, 

and th* ammonium halide hein*.! voletih* at th<- tempi lature employed, 
th<‘ halo'^ren in the ori-.iinal ..all wa-i <olleet»d and dil ei inined in on' 
operation iu'-lead of I wo. 

*\rehihald s ri'snlts ai‘e as follow : 
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A MMon i urn lirom platinatc 

{■2i} .Vf'Xf.lM. Hr^ : l‘fc : : lOOlXM) : 37-802 wlirnr e Pt rr.fO^'JOO 

( 2 :.) O'VjT.r: lk|, : : ]00 (KM) : 17-32r) „ Pt 

(;'(;) ;; cxptH. OA-lV (N’H : : lOd OOO ; 03 (ISI „ />t ■- /V.vJ-A.' 

121} .•{.•vpt-'. 0. \- ; pt : ; |0() (M»0 : ao ifio , 12 .. ptS-JJO 

(JS) 3 cvpf • -.A-r r |NI!,),lMnr, : ; 10'HKMI : lOO SlO ,, /7 /VA-.V-/ 

'I’lir n-^nlls of Ar<*(iil»:jl(l lluis furnisli data lV»r t wt hi y-ri«_dil ratios, 

tVofii which I weal y cii^hl values Tor the aloiuif* wci^ld platiinmi nia\ 
t)(‘ deduced. 'I'he extreme dilTerenee Ix-twecn Ihesv \ allies is only 

0 - 0 , s;j nil a hieli atomic wci^'ld, a very satisfactory result. It will be 
iKjliced that I h(' I wenty-ci^!i’»t ratios cxpcrimculally established an* 
llienretieally rait all differeut. Thus, ( 0 ) should enual ( 15 ), ( 7 ) should 
cfjual (Hi), and ( 22 ) should ecpial ( 27 ) ; and it is sc'cn at a elanee that 
these* (sjualities hohl experimentally within the very small limit of 
expe'rime'utal error. Further, ratios ( 2 ), (.* 1 ), and ( 20 ) yie'ld the followinir 
elose-ly af^reeinir value s for the ratio 1*1 AifC-l, nanu'ly, l-ItiiltM). 1 • 31 ) 208 , 
and l* 3 ()l 0 t.; ratios ( 11 ), ( 12 ). and ( 25 ) yie-ld the foilowiiiLr eon- 
eordanl values for the ratio 1*1 'AL»llr. namel\, l- 0305 (i. l- 03 l) 5 t, and 

1 - 03050 ; and ratios ( 0 ). ( 7 ), (I 5 ,b (HJ). ( 22 ). ane’l ( 27 ) e-\hibit remarkable 

a^U'ea nieid in I he‘ir value-s for the ratio I*t Aijf. naniel\'. l-NOtlOO. 1 - 80072 , 
l-SOOOO, i-SOOiit, l-SOttrAt, and I SOOfity It is therefore jiistiliable to 
assume* that Hu* mean value for the* alomie weiydit of platinum dedue-e*d 
l’re)m Arehibahrs re'sults repre'se-nts a \'e‘ry close* aj>pre)ximal ion to l^ie* 
true* value*, 'riie arithme tic mean of the t we id) -e i^hl resulls is 
Pi IP r227, Itie* weiydde*el mean. e'ae*h re'sull beine weiL'hleel in pro- 
porlie^n te> the number of experiments maele* in lixine’ the* ratio, is 
Pt - I!lr2:!P. TdiminatiuLj all ratios in\'olvin^r the weiLjhts e)f the* 
ehle)r’platinale*s, since* the salts mav (lossiblv ha\’e* e'ontaiiu'd traces eif 
wate r, the* arithme tic me*an of the*‘vaiues de'rivi'el freaii the* otla*!* ratios 
is Pi and the weiyddeel mean is Pt lPy:PPI. Tims the* 

atomic we'iijht of platinum* is nmsl probably /*/ /.V 5-22 with an 

une*e'rlainly e»f two or thre*e- units in the se'conel ele*e*imal I'laee*, the 
ime*e'rlainiy luina partly elue te) the* small erreu's of e-xpe-riment, and 
p;irllv to pe‘ssi))le sliyht (‘ri’eirs in the* e)lher atomie* welydits useel in the 
ealeulat ions. 

In 1012 Sehultz ’ publishe’d live** imal\'ses eif ammonium ehlor- 
plafinate*, yi\inii as a me‘an jtsuII Pt 'J'hese experimMits are 

eh'arly ed* litrt’A \alo«', 

*rhe' Inte rnal ie)nal Fommitte'c’s table tor 1021 G^iv'cs 

Pt 195*2. 

Uses." «. Fhdiniuu'is eis(*d in four different litdds, nanudy, for chemical, 
ele'ct rie*al. and dental [)urpe)s(s, and ff)!’ jewellery. Fe)r chemical 
purperse's platinum is reeiuire*ii both as nit'tal and in the form of salts. 
The* metal is used in the maun fact ure of erueibles. pyreinuders, and Ibr 
such appar/dns as is rc(]uired to withstand corrosive chemicals or hi;,d\ 
temperature's. Its salts arc used in chemical analysis. 

Idatimnn salts arc nsefiij in the produetieui of ee*rtain pheilo^rapnic 
papers, which are of special value inasmuch as the phote)eraphie iiupres- 
sion yieddeel hy them is of superior quhhty and permanon(*e. 

Fonsiuerable quantities of platiiniiii arc used in preparin*: the 

’ Huluill hutH< und fh'i.'icrliititni, Mrlan^i h, 1912. 
pahre'nwaiel, J. Put. Pruj. 1917, 9 , 590. 
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rntnlvst nvjuirod for oontact-pronS-; sulflmrio arid works, j Jii liUS 
alM)ut fl.^MK) oz. of thr metal W(T(* nsed for tl)is pnrjnKt'. tlv^Toss per 
ton ot' Mv’id rarLiinf^ P'oni a mimitv ajuoimt up to (S‘i > Lri*am.‘ • 

C'oiisidcrakK' <pianiiti«'s of platinum ar»' ijoiri'd for rK'(‘trir!d 
, urp(»sos. Tor cxati plr. cUrtric fninaiT'- list’ liirlv larnf amounts t»l' 
I'latinum; and flic iiutai is also tiuplo\til in tlu* lorm (il c<»ut:u*f 
points. * 

It is cstimalcij tlial ahtnit oiU’^lhird of the total couMimpt ion of 
platinum is in dentistry, or which pur|uisi’ it is used as pins in t(elh, 
as Joil, p! lie. an«l r.llinir. .fewcllerv als«> ahsorlis an isjual anioiml of 
plat imiiii. 

77/e irf//77'.v Pnt‘lnt fioii t>f \nc I'lutiumn in 77;// i) it nets - 
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Platinum Substitutes. Tn <o!is(‘rpu‘nee of lla’ hi.i»li pii<<‘ and 
^<■;Jreilv platinum numerous alt*nijils 'ia\(’ been made to supply 
elicapei' sniist it ut es. 

Suelusubstances must conform to certain spci ilieai n -; to he of any 
^ alue. eliief armuuT ^vhieh an* : • * 

(1) iliLri^ niell imj-point . This is parlienlarly impoilant for mans 
elienii<'al ami electrical purport s. 

CJ) Ine<a’r(jdil)ility. .Mkaliet ami leids slioulil )ia\(‘ a iie;;li.'.'i) le 
effect all tcmjieral un s, ai^/l «»\id.Jion of th<‘ snhstitnlc should not 
take place iM-n on indtim/ in air. ^ ^ 

(;V) Malh ability, ductility, and hi‘_(h tPnsile sln iiLdh are i sseiO' ii. 
Alloys of palladium and ^^old ha\(* necntly b»en neommenddl ;i 
platinnin substitnfes mider tlie nanus c»f r/iotanimn (- <* p. Ifrj) and 

jKiInn. ^ 

As a subslituti* for platinum wir** in tb* usual llame tests in tpiahta- 
tivc analysis K<ipa ri’c<*mmcnds the cmploymewt of small (piart/ roils, 
‘> mm. in diaiiu o ti, as they do^iot melt, ami or>ly impart \a v faint' 
colour to the Ihiire. Asbestos threads dipjX'd in a solutii *1 of orlho- 
))iiosphoye aeid (1 par^ aeid, 2 parts w;»ter) and healed to red’it > in a 
llame have also liecn recommended for a similar jmrpose.^ 

1 77m Mu:, nil I t*luMry duPitvj I'd?', \V>I. 'Mt, p. ."/.‘S ; i ilitol h\ (It HI l»tif iid) ir.jr 

^ p. ^ * .Afriinly iridium, 

^ K"pa, Cl‘fin- Zf tt., lOl’k 37i ‘'.d, *■ 

« Kirby, Chfm. .Voa<, lOln, loi, 17' 



280 aonwv, nf^kel, anij elements of PLATINSITM grow 

;\s "I fcijf)sliliil(' for jjlMliniifu TTJTin.Ljics, iiicliroine, aa allo^^ of aick(*l 
aiifl <-)nf|»iii]ai p. la:;), is rrcoinniondcii, as tliis is very n^sfstant to 
o^idalion af liiL'h ^< aip(Miatnres.^ 

Mclallie Irad is iisVl for .scalinLC vaeniini-iiijhl qiiarfz ^Hass apj»a4*atns, 
sia-li as cath'xlr'-^ray tylu-s atwl njcrcury lamps.- ^Flu' mclliod is stati^l 
f.» \ i( l<l hiLdilv saTisfaclory n snils, aad is adojdcd hy the Silica Syadieatf 
hi i lia prcparal ioii of scii-al ilic apparalas. 


ALLOYS 

.ilifnnnlian. Llafimim readily alloys with alumiaiimi, and a defiaili' 
eompouiid, IMAL, eonlainia”- TO*! per cent, of plalimim is formed. It 
is vi(>l« l lilack ill eolonr, aad yii lds deadritie a, ad oclalxalral crystals, 
fl ocem's ia inereasiajr fjaaat il irs ia tlir alloys confaiain^’ from 10 lo 70 
]i{‘r cciil. of plalimua. aad may be isolatrd froai them by tnalaicid 
will) .7 ]HT ciait. hvdrocbloric arid, ia which tlu* eoiapoiiad is iiisolid.ih*. 
Allovs conlaiaiaLj h ss t haa 10 per eeat. of plat imaa are wliile, aiallrabh*, 
and soft, cnnsisliaif of alamiaiam and eatrrtie coatainiaLr 0 jjcr c('nt. of 
platinum. Alloys roidainin;^' from 10 to 70 per cent, of platinum arc 
also white, bat hard aad brittle: lhos<‘ with a platinnm emitcnl (►f 
70 to !H) fer cent. ar<‘ yellow aad brittle, beeomiaj^^ white aad malleable 
as the platinum iacrcast'd beyond 00 |)<‘r e(ait.'* • 

('admiinii. lly heatiai;' platinum in hydro*_fea laden with cadmium 
vajiour obtaiiK'd from boiliuLi: metal, a. whiti', crystalline, and \ery 
brittle eompound, of formula PKM.^, is obtained.^ 

With copper, platinum yields a serii's of scry tenacious 
[dloys. 'riiose ('ontainiiiLj over 10 per cent, of platinum are while. 'I'he 
freo/iuLf-point curvi' of tin* alloys, eoalaiainr from 00 to 100 jier cent. 
i)f copper, falls continuously to I he mcltini,^-poiat of copper. 'I’he 
met at. yii Id a conliauous scries of mixetl crystals, 

(lold.- Platinum aad cold form a coatimious scries of mixed cryslals. 
id any rate up to 00 per ciad . of the former midal. 'I'hi' alloys coalaiainc 
aver to jK'r ctid. v>f plat imaa an- whitis** 

4ridnint is usuall\ alh»y<Ml with platinum ia order to increase its 
hardiK'ss, aifhoiiidi it reduces its (hu'lility. I'he prest-aec Hif iridium ia 
platianm eiiK'ibles nauh-rs them sal-jeet to projiort innately creatcr 
losses on In atiac at tenpH iat arcs abo\e jlOO'' i\ Hilow this f*mj)(‘ra- 
lure, howcM i; and np to a eoatcat of .at least 0 pi r C('at. of iridinfa the 
loss on neatiiiLr is necli^able.' 

Analh»yof platinum and iridium, eoataiainc 10 per eiait. of the latter 
aclal, is attacked by boiliac eoaecat rated sulplairic acid to t tie ( Xtcat 
if O IO crj;m pi'r., .s(j.Mlem. per hour at ‘ ('. On boilinc the result- 
ac solution with ammoahi tin* platinum is deposited as spoact , whilst 
:ae solution b<M'oni<‘s ‘a*i'cn, ehanciac lo dia'p \aoh't upon addition of 
litric acid ia consequence of the presKUee of iridiu,\a ♦.alts,**’ 

* ('fum. Sor,, 1011, 33, ISO. ^ 

* Knglisli I’.UtMit, lIM.’K'Xo. Saiul. 7Vur. Soc,, 1011,26, 127; Chem. 

Vo/’'*, I'.iai, 102, iiii;. • • • 

3 ( tiuurimiiiM', 19 'l 2 , 155, I.')!*, Srr ;dso Pniiu’k, Her., I!MU. 34, ; 

’tamptn'll uml Matflwnvs, J , Auur. t'hfm. Nor., 1002. 24, ‘J.yj. , 

‘ H(Hljj;kiiisini, WiUiny. amt \)r ■ihornui^h, C/tnn. iSOO. 80, 1S5. 

* Zfitsch. (inortj. ffum., 1007. 54, oIW. also Drliray, ('ompt. rend., 
ISST. 104, 1 170, 

“ I hnaiiii’kol. ZrlUrh. a. oro, Ch.m., 1007. 54, II.'IO. 

iiiul \V vlti'iiln'n;, Hur'.nit ^ hi n ^itriKi, \Va.‘<hington, No. 2x0. 1010. 

•'* dK'li'piiio, Cnmpt. rt>nd., lt'0r>. 142, 0.31. 



AND m C^i^MPOUXUS 581 

This y) per crhl. nlloy is n'c^himcnMCtl inr ihc ( riiiion of 
ijjijiiiial iJs ill th(“ prrpanit inn i»t' llunriiu-.’ 'r!j|c smuk* fillnv >vas 

tHi[»li p'<tl in { ho manufart uiv of tin- prolot yj>o#ii i ros .md flu* i^oodi^ic 
ni!o>; wliii’h lal {( V aro four nii-lroN in h lurtli. Idr I ! K'>^ii\’Ar Inh rnal ionah? 
(i^'^ Poi(U t‘( Mi ^iirrs. Miul I ho Vssooial ion (.('-Dd. siip^o I iit <Tnal ionalo. 
'I'Jir (1. nsil y of I his all iy is hiidi. iianu lv. ahoni ‘Jl -.o: ;l ‘jn wliii'h 

rc jidrr^ if Useful t'or slaiuiard wt iolils. part imiarlv in \ aw i»f ils iiwor- 
rodiliility and of ^a! iuLT a hi-di polisii. 

l'\*r the inanulaol lire .»f stanilard rul**s. .Maltluv - ]■(‘(‘^^nlmolo U an 
alloy ooni ainiii'j not less than So per ooiil. 4>i plaiiniiiu and M»Ma lo pt i* 
oont. of ii’idniin. For standard weiidds I h/ s;,nio iio < fii'-ator suoeesis 
20 pel’ cent. «.‘f iridiuni, tho r< inaiiulta* 1 >- in;j; pl^tinu.ii, 'This laltoi* 
alIo\- is, like tile pri“\i<»us (uua h(*th inalhahh- and dm tilo. and has a 
density of 21-01. •* .\ll<»ys ooiilaonni!- 2r> per ct n!. '►! iridium ai*o nuiri- 
dilhoult to \V(<rL into s|ir<‘i and \vir«-. whilst allo\ s with :?0 ja r i-ml. and 
10 ju r oont. iridium can only he work« <l at a •! einpeiat ure insi hel.nv 
lh(' iiK it in^-poiut . \Vh( n (•i>ld tho last named alio\s aii hriltka 
Alloys of platinum and iridium aro sometimes used in ih idislr\'. 
Irnn. So( Part II ttflliis W^lunie. 

Platinum readi’y alloys with lead, \ iildin',?: three oompoimds, 
namol\ . PI) .Pi . PhPt, and one ^lu' oomposil ion of whioh h.as not Ikmi 
(U terinined.* 'I'lie al!o\ s aradnally inor< i.se in liardness ’.\itji ri-^e i»f 
j)latinum oonleiit Irom 0 to I.*} j-.er oont. 'I’liose eonlaii.aie up lo 
;i0 per (ciit. ol plai.aum ai’o readily Iraetured. and lie IV<‘sh surf.’ 
oxidisi' I’iailih. in air.’ d'lie i.iet that jjl.ilinum so re;»( ly al!< \ with 
h:id is made us(‘ ol in assaying the mol a I, sine*.' its .alloys e.m la* euj'elled. 

M .siuip unit es it h platinum lo \ a Id a er\ stadint compound, 
pi Me,. 

O.siitimit \ iolds alloys \vitli platinum ehar.ael « ris( <| hy liai’dm ss and 
tuisi^e strength. They are \-ery resi^y-mt le acid all;iok. and ol'fi r liiid» 
oholrieal resistaiiee. 'Pho alloys usu.illy contain from ’ up to 10 per 
cent . of <^mium. ' • , 

rnld.s.siimi i-eadily unit(‘s with platinum «.'n waiinmy. yfrldini^a hard 
hut hrillianf alloy, whioh isatt.aoked liy wat{ r.‘ 4 ^ 

Silver. A 1 lo\s of |>l;dinun# and siUor ha\<‘ roooi\’ed a. oousiderahle 
amount ^of atlontion ov.inp^ t<t I heir^ importanoi: in assa\in:j. No 
delinil e %*onipound ol tho t w<»rfnel als ’Tippf ;i?'s lAy he forhied.’* 

I’lh'o platinum is only \ a ry s|(» .ly altaeked 1)^ doikne \'^d h <-oio 
oentrated sulj)hurie a< id. ami win n its .alloy with siher suh.nifted Ip* 
similar treatment, tin- ''ll\er is more <*r loss completely dissoKed <*ul. 
leaving the pi.’itinum a l>laok la sidue. Fom| ieto r»’n \.al of I lie 
silsa-r, howo\ar. is o,.Iy cffect<*d wh«n the initial pif.p* rt i«t,i (d’ that 

' See this Si'rii-S; V**!. \"flf. 

M.'itltjiv, I'riji'.. Ilhi.SifT., ISTII, 1 

t’c'iiiunably at n .'Mitit iapfralun' 1 f o f<i 20 ' (■.). \u n rojM jat un: in .nei.l ionisl 
by Matt !)'■>'. , . • * . 

* porrinekel, Z/nUch. nn(y>). ( hfm., ; O'lOjiti h.of lio h- iiki', 

A ( finit. Sor., Orni, 41^ 2;b 

^ I'er earlier wtjik on tliHjiljnys of ptatiriUTii .iiul Ifsel .see ]5.ii. .r, lUr., 1.S70. 3,*h.'?b; 
1 S 71 , 4, 4 Ot ; ,I>''vilIo/»lfl Debray. A n.. Is.'it). (iii;. rt-nti., 

ISSa. 90, T>ev ille, ^sOT, 64 , IdOs. ^ 

« IloiL^kifison, Warin^r, an*l li. ('Jutn. Is' a. Sc.^ls."*, 

' I*', Zimrnerrn.inn, ./ . iSor. f /<o/o fe/A. 32, 1072 ; Ir'-’n I r‘i n'*. A tuf r . F.U * Irorfunt. 

Sof*. 

** V. Mey^r. lUr., IsSa, 13, :{a2. ^ • 

\ DoeriiU’kel, 'tnor<f. Ibn 7 , 54, .*kTb 



imetaljji^he alloy is some 90 per cllft. or more. With smalle*^ant]Hes 
of silver! some is- left behind in the platinum residue. 'Hhis is well 
ilJiistrated by tlu^ojlomng data obtained by Thompson and Miller i ; 


Poroenikgo Composition of Alloy. 



• 

Silver in residue 
(per cent.). 

Platinum. 

Silver. 

10-39 

' 89-61 

Trace 

20-59 

79-41 

0-59 

31-40 

68-54 

0-98 

37-89 

02-11 

2-24 

67-05 

• 

42*95 

2-70 


A portion of the platinum tends to pass into solution with the 
silver, but by slightly diluting the sulphuric acid this may be prevented. 
According to Stcinmann ^ the most satisfactory results are obtained 
with a (fllution of 100 volumes of acid to 22 volumes of water, the 
alloy being heated in this mixture, twice repeated, at about 210° C.. 

Although platinum is not attacked by nitric acid, yet it dissolves 
slightly when its alloys with silver are so treated, yielding a colloidal 
solution which js dark brown in colour. This is particularly the case 
with alloys containing about 20 per cent, of platinum. On standing 
for several dajs the platinum flocculates, and deposits as a black 
powder in a high state of subdivision, the solution becoming decolorised. 

According to Spiller,® hitric a8id of density 1*42 will dissolve 0*75 
to 1-25 per cent, of platinum from its alloy with 12 times its weight 
of silver, whilst a more concentrated acid leads to the separation of 
platinum black. A less concentrated acid dissolves less platjnum. 

Tlie Tolhfwing data, taken from the results of Thompson and 
MMlcr,' are interesting in that they show how imperfect is the separation 
& platinum frotn silver when alloys of ^le two metals are attacked by 
nitric acid of density 1‘10 : . 


Cc^posiflShn of 46*^^' 

PeroentAge. ' 

f 

Composition of Residue from 
100 parts of Alloy. 

• 

, , , . 

# 

Dissol -ed 
Platinum 
from IQO parts 

Of Alloy, 

Platinum. * 

■ 

Silver. 

p 

. Platinum. 

IsUver. 

10*89 

“ 4 

, 80<61 

e 

8*59 

0*27 

6*80 

20-59 

79*41 

0'f7 

Mt ^ 

18*82 


68-54 

24*50 . 

12-oS 

6*96 

c 87*89 

62*11 

• 85*49 

•l8-6* 

. 2 - 4Q 

^ •67-05 

42-95 • 

52*97 

ol21» 

4*08 > 

« ■ 


# 






Thotnpdon and Miller, Amer. (7Aem.^ec.t IW, 1115. See (dso Carmitfha^ 
Soe.Ohem.IndUm, 2^,1325. • * i . 

« Stelnmann»^cWe«jflPoc5.tA«m.Plwmn 11111^ 4^^^^^ 45$, 

» SpiOer, 

aud Milto,' ' 


■Mor^ •ecently somewhat simiiaif results nave Dcen ooiaig^ ^ 
Koifinau^'^svorking with alloj^s containing from 0*2l9.to 5-lC2|pcr ceiSl 
of*platinum. . . 

Sdenic acid dissolves out Uie silver from platinum alloys, leaving ai 
i^sidue of undissolvet? platinum,* 

Alloys of silver and platinum are used by jewellers ana ny EiiglisH 
dentists under the name of denial alloy, in the form of \s'ire and sheetl 
Two qualities of these ujfo recognised, the conqK&itions of which vary 
somewhat with the makers, but approximate to the fcfllowing : 

Silfor.* Platinum. 

First quality . . . <>6 • . B8 

Second quality . • .75 * . 25 


, These alloys are more durable and more resistant to corrosion than 
silver. 

Platinum occurs in the following alloys usc*d in the preparation ol 
dental amalgams *: 


Name. 

Tin. 

Silvor. 

Gold. 

I 

Platinum • 

e 

• 

Fletcher’s perfected standard alloy . 
S. S. White’s globe. 

Welch’s gold and plat inum alloy : 

02*30 

80*80 

5*80 

1*00 

5;i:}0 

44*74 

1*50 

0*44) 

(1) Old 

5400 

44*00 • 

i‘80 

070 

(2) New I 

51*00 

40*00 • 

1*70 

1 

0*40 ^ 




Sodium and platinum alloy when brought together at a Itigli 
temj^erature or pressure.® • 

T/mZ/mm.—Platimim alloys with thallium, yielding a compound 
PtTl, which resembles, at any rate in its physical prvpmies,»thc com 
pound PtPb. The alloy is conveniently formed by throwing phitiiyinr 
^onge upon the surface of fused thallium. The ooinpound*yielils stCiH 
grey, prismatic needles, and is e^^ractecj by treating an alloy eontaininfi 
less thatf 10 per cent, of platinum wy:h dilute nitric licid. Its densitj 
is 15*05 at C. ; tiardness* 8; nielting-poin*l: G85® and s|K*cifi< 
heat 0*0150. When subjected to continu«a heating above its^mcHing- 
point, a little thallium is lost, hut pure platinum is noV i*btaiiied ev^ 
on prolonged fusion i« the oxyhydrogen ilame. When Ixiiled wltli 
aqua regia, thalliHinr' ^Wor-platinate is obtained xs aji insoluble com* 

^Tifsoluble in hydrochloric acid,'tMb alloy is onlj s^jxrflcially attack^ 
by sulphuric or nitric acid, and b% fusion with ^lotassium hydrogr n sul^ 
pLite. It r^ily dissolves in molten zinc, lead, or silver, and c^algamittei 

withmer^ry.® • * ^ # * • ( 

•I’m.-^PIatinmnr^ily alloys with tm^T^^e comphcatedfrcezing-goiid 


» KoifnMMk ArA.9^. l0li^[trl40, 509. 

* Hradccky, I9l« 36, M 

* Includins soAetitneft a Uttle 

K. A. Smith, Denm MMliim (Chumhill, 1910), t». 
> V. Meyer* 0er., 1880, 13 , 992. See elao HeMr and Zejf 
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AUJ> ELEMENTS OP PMTWDM 

?i?urvcJofr Pt— Sn is indicative of Me formation of several ctnjpounds.^ 
narntly, |Pf;,Sn, which is only stable below C. and liecomposcs 

above that tcmpmitureiinto crystals of platinum and a fusect mixture 
confainiri" 80 ]K?r cent, of platinum ; PtSn ; Pt.^Sn^, and possibly a 
polyrnorf)hons h>rm <of this alloy ; and a foifrth compound PtSn4 
*(l\>(lkopcVff) or iMgSrig (Doerinckcl). ^ ^ 

« The alloys containinj^ up to 30 per cent, of platinum are scarcely 
any harder than thnr constituents ; above iP pci« ccVit. the hardness 
rapidly increases with the platinum, reaching a maximum with 80 per 
cent, of that metal. , 

The tetrastannide, PtSn4, was first isolated by Deville and Debray ^ 
by treating an all<^y containing 2 per cei)t. of platinum with dilute 
hydrochloric acid. It remained behind as brilliant, insoluble lamella?. 

The sesfpiistannide, PtgSiia, was described by Schiitzenberger ^ in 
1884. The existence of a compound of formula Pt 4803 has also btfen 
assumed,* but this is not supported by an examination of the freezing- 
point curve. 

Zmr . — When platinum is heated in hydrogen laden with zinc 
vapour from the boiling metal, the compound PtZn2 is formed. Another 
coni[)ound, PtZn, has also been obtained.® 

Platinum Amalgam is obtained trituration of platinum sponge 
with mercniry in a warm mortar ; it cannot be obtained by direct uniT)n 
of platinum foil and mercury. 

The amalgam has a silvery appearance, and with 12 per cent, of 
platinum is sc^ft and greasy to the touch, but higher pcretaitages 
of platimnn increase its stiffness. When heated strongly the mercury 
is volatilised aifd platinum retnains i\s a grey residue. 

When shaken witli water for some fifteen seconds, platinum amalgam 
is converted into an emufsion of Imttcr-likc consistency, and having a 
volume some live times that of the original amalgam. It is ^uitc 
stable between 100° C. and* — 80° C. in nir, but in vacuo it diminishes 
somewhat in little water and gas being liberated. When 

cooled to — •80°*C. its appearance under the microscope is cellular, 
vjiUcr neing disseminated throughout the interstices of the amalgam. 

Platinum amalgam emulsifies in a similar manner when shaken with 
dilute sulphuric acid; with aqueous (ftnmonia, ammonium cljoridc, or 
sodium chloride ; and in contact^vith several organic solvents? such as 
alcohol, acetaMc, cff.^ * 

Microscopic examination ^)roves that an amal^jam is formed during 
Ifhe simultaneous reduction of platinum and mercury from aqueous 
solutions of tlKir salts.’ 

p;a'tinum fluorine 

Platinum unites with fiuorinc whin heated with-it, but attempts to 
prepare flfioricies of platinum without* employing elementary fluorine 

* Dwrinckel, Zeit^ch, anorg, 1907, 54, 333 ; Podkop^olf, J. liusd^Phys, tiliem, 

iSoc.,*l908, 40, 249. ^ • 

* Dcvillo ami Delyay, Compt. rend., 1887, «I04, 1470^1577. 

* Sohttteonberger, 1884, 98, 985. 

* Low and Bourgeois, ibid,, 1^2, 94, 136^ ^ 

* Hcnigkmson, Warin^^ and Desborough, Vhem, New9, 1809, 80, 186, 

* Moissan, Cof$pt» rend?, 1907, ^44, 593; Lebcau, ibid,, p. 843. 

. ^ Tarugi, QazsetfU, 1903, 33, U, ijl, * 



PLATINUM^ 

njwc nitJimo proved aboidtive.*" Fc^^xampic, fusion of tLc m^t^ 
polassiumiiydrogcn fluorine, or heating of the chloride in an at jnosphcrti- 
of, anhydrous hydrogen fluoride, leads to i\p nsint,^ A suljstant’e 
consisting very probably of ; * 

^ Platinum Difluoj^ide, Platinous Fluoride, ^^'as obtained by 

Moissan ^ together with the telralluoridc by healing i-latinuin wire to 
500"* or (500° C. in a current ^f huorine. The tciralluoritle is soluble iif 
water, but the difluorid(^ remains attached to tluf surface of llie metal 
as a yellowish green layer, msoluble in water. lljx)n ignition it decom- 
poses into fluorine and platinum. 

Platinum Tetrafluoride, Platinic FluoiiJe, PtF 4 , obtained by passage 
of fluorine over platinum wire heated to 500 or OOt) ’ t\, ' onlahied in a 
thick platinum or lluorspaf tube,® is deep red when fuseii, bu^ yit^lds 
yellow crystals. These are very hygroscopic*, and dissolve in water 
with considerable heat evolution. 

The aqueous solution of this salt is fawn-coloured and unstable, readily 
decomposing into hydrofluoric acid and a hydrated oxide of platinum. 

At red heat platinic fluoride dissociates, evolving fluorine, a residue 
of crystalline platinum remaining. 

• 

. PLATINUM*AND CHLORINE 

Evidence has been obtained^ of the existence of Platinum Mono** 
chloride, PtCl, which is stable as a yellowish green substance belweu. 
581° and 583° C. 

Platinum Dichloride, PtCla-— This salt, also knoyi as Platinous 

Chloride, may be prepared by evaporating a solution of the letraeliloritlc 
to dryness and heating the residue te about or 350° under eon- 
stant stirring,® Any unchanged platinic aeid is removed by washing 
with^ater. , 

Platinum dichloride also results, mixed with a little t» trachloridc, 
whenplat!num sponge or, better, platinum black, oblaijK^lJ>y reduction 
of ammonium chlor-platinate by hydrogen gas at 100° C., is hcntec^in 
chlorine to 360° C.® It is obtained in a more pure eonditiou by heatii/g 
chlor-platinous acid, Il 2 ptCl 4 ,®oi^ the hvdraled acid chloride, namely, 
triclilor-rtiatinous acid, PtC] 2 ‘HCl.‘- 2 H^)orll 2 ptFIy( 01 I)]Fl 20 , to ]00°C.^ 

Platinum dichloride is a gfccnish grey or b/own pow'der, its colour 
varying according to the method of preparsition. Iitsolul?fe in Aater, it 
dissolves in hydrochloric acid to yield a solution of ehlor piatinousacici^ 
H 2 PtCl 4 , and* in aqua regia to chlor- platinic acid, IlgPiClo. Caustic 
alkalies decompose it, yielding a black deposit of*iiydratcd^p5atinous 
oxide. With ammonia, complex aminino deriv;ativcs are formed,® 

Tetrachlor«*platinouf Acid, IIjPtPL, has not been 'solated in a pur^ 
state, but exists ip solution whqp platinous chloride is dissolv • 1 in 
hydrochloric acid, anfl when chlor-platinic acid is r(;dueed Ijy sulphur 
dioxide, the yellow solu\jon beebming recoin coloUl*. 

* Kuff and his co-workers, Btr., 1913, 46 , 920. 

* ]^1oi8san,Mnn. Chim» Phyn., 1891, [vij, 24 , 282. 

* Hitisiian, Campl. rtnd^ 1889, 109 , 807. ^ 

« L. W 6 hlcr\nd Stwadicr, i/er., 1913, 46 , 1591. 

* Berzelius, Schwtiigtr\ J., 1813, 7 , 55. 

* Pigeon, Ann, cKim. Phy«., 1894, [vii], 2 , 433 

» Nilson, J, praki, Chetn., 1877, [iijf 15 , 2G&. 

* See tau Series, Vol. 



III Jifiito solution the pure acA^results on decomposing thi^bariiyn 
or silver «alt with the requisite amount of sulphuric or hydrochloric 
acid. TJie solution ganiiot be concentrated, however, without decosn- 
position, Iiydro<ren chloride being evolved. When evaporated in eacuo, 
a residue of hydijited ficid dichloride or trichlor-hjrdroxy-platinous acM 
is left, namely, PtCL . IICl . or H2ptCl;j|OH) . H2O. If the evapora- 

Eicn is continued at 1^00*^ C. platinous chloride results. 


TetracMor-plaiiniteSf ]M2PtCl4 

Salts of t('treohlor-[)latiifi)us acid are known as tetrachlor-platinites, 
ind have the general formula M2ptCl4. 

'riiey Hr(‘ both stable and well known. ♦’They may be prepared in 
1 variety of ways, chief amongst which are : 

(1) Addition of chlor-platinous acid or a solution of platinous 
[•hloridc to a metallic ^carbonate or chloride.' For this purpose tTie 
:dilor-platiiious acid is best made by dissoh ing platinous chloride in 
hydrochloric acid. This ensures the freedom of the linal product from 
the metallic chlor-idatinate. A less troublesome method is to reduce 
[jlilor-platinic acid with sulphur dioxide if a pure product is not required, 
but tnisiis not easy to carry out satisfactorily otherwise. If, for 
example, reduction of the chlor-platfiuc acid is not complete, tjie 
metallic platinite will be contaminated with platinate. If, on the other 
band, excess of sulphur dioxide is present, the metallic chlor-])latinite 
becomes contaminated with sulphite derivatives. 

(2) Probably the most convenient method of preparing metallic 
chlor- plat ini tes consists in reducing the correspfinding chlor-platinatcs. 
This may 1)C effected with potassium oxalate in eoncciitrjited aqueous 
solution at the boiling-pokit, andt containing a trace of iridium, * the 
reaction proceeding according to the equation : 

yijFU l, -h iCjC - .M.>PtCl4 + 2KC1 + 2( 02. 

Ilydr^gor^ sfulplude,® cuprous chloride,^ and the last naified along 
wiyi pwwdcrcd /inc,^ have been used as reducing agents, but are open 
to several crtqections, 

(3) Double decomposition of metiyiit sulphates and barium chlor- 

platinitc. Thii!^ : * 

^ M2SO4 i BaPtCir- PaS04 + M2PtCl4. 

The clear solution containing the soluble chlor-platinite is dechnted 
3r filtered free from the insoluble barium sulphate, and concentrated. 

The chlor-platinites are mostly soluble salfe yielding red solutions 
readily diitinguif;hc& from solutions of the chlor- plat i nates, which are 
yellow. The silver, Iwd, *niercu|;y, and thallium salts arc almost 
insoluble in water. • 

Chlor-platinites are oxidised by chlorine antV by hypochlorites to 
chlor- platif*ates, whilst nascent hydrogen reduces* them in aqueous 
solution with s*eparation of metallic platinum.* ^ 

JVhen their solutions are warmed and a curryni of hydrogen sul{^*ide 

» Nilfton, J. pmkttChem., 1877, [ii], 15 , 26#. ^ ♦ . • 

* BuU, 80 c, chim.t 1898, (.ui], 19, 879; Zappi, Anal* Fis* Quim, ArgetUinai' 

i9lC, 3 , 186 j Klav)n.^r., 1904,37. 1390. ^ . - 

* Bottgor, J. jtraH* 18W, (i], 91, 264. 

* Thomson, i 6 «., 1877! [ii], 15 I 296, 

* Qrdgor, Ztikdl* aupcto. CAcni.,fl897* zo^l62. 




is passed throi’i^h, pUitinoiis suiphiiftli chtjuiied us a blaek 
wnilst siflptur dioxide under like conditions effeeis their da?olyrisiition^ 
p 1 (^tinosut|diitcs being produced. With ninniopi/^ nmiviino derivatives 
arc o}>tained. 

# Ammonium Tetrachlor-platinite, (NH4)jPtCIf, crystallises in long, 
red, orthorhombic prisms, which arc soluble in w'Mvr. 

^ Potassium Tetra^or->piiSiinite, KgPlCl^, is obtained technically ^ 
passing sulphur dio:^idc iijto a solution of chlor-plafinic acid, maintained 
at about 100 "^ C., until a sajnple yields no ))rccipitatc ^vith ammonium 
chloride. This indicates that retluction is complete. A hot solution 
of twice the calculated quantity of j)otassium eliIori<li‘ is adtletl, and 
the chlor-phitinitc allowed to eivstallisc out. It is ^aslie l with alcohol 
and dried in tlie absence of light.*-^ 

Although a solution of pure potassium hexaehlor-piaiinate, KgPH 
is Slot reduced by boiling with potassium oxalate, reduel ion readily 
takes place if a trace of iridium in solution is added.® In llie pr(‘s< nee 
of much iridium the reaction may even become vioKnt. 

The density of potassium tetraehlor-platinile is :vnor)G at ‘iO-a'" C., 
and 3*2909 at 2 P' C.,^ whilst its heat of formation is® : 

[Ptl + (C),) + 2lKCl| IK2PU I4I -i- 4517 Cads. 

* The following tetrachlor-[)Ialftiitcs have also been prepanod ; 

liariu /// Bn PtCl 4 . 3 1 1 gO ; 

Casium,'^' ® CsdMCl4 ; 

Calcium (,'aPtCl4.sH2() ; 

Cerium,’^ ‘iCeCIa. tPt Cl... 21 !!..() ; 

CnbalW^ CoPtCl'4.on/)‘; 

Copper CuPtCl4.0lL() ; 

Glucinum,’^ GlPtCl j.r)!!./) ; 

, Iron (ferrous),^ FePtCli.TIl.U ; 

Lead,^ PbPtCfj ; 

Litkium^’^ Li. 2 pt(l 4 . 4 ll 20 ; 

Magnesium , ’ M gP tC 1 , . 0 1 L( ) ; 

Manganese,"^ MnPtCl4.0ll2V> ; 

SickeO NiPtCl4.6lIjO j» 

RbjPtCI. ; * 

SMium,^ Na,PtCI,,.4Il2« ; 

'strontium,'’ SrPtCli-OlI^O ; 

Thallium,* TLPtCl , ; 

ZnPtCl4.Cll20 ; and 

Zirconyl,^ (ZrO)I’Tci4. 

Trichlor-hydroxy^platiiious Acid. ^1ie hydrate, of 

this acid, namely, H2PtCl3(OIl).ll2ft, is obtaihe4 Jis a reddish brmvrf: 

• 

1 For other niefhoJ^w# Carey lx?a, ^fnicr, J. #SVf., 18114, fiii), 48, I1M7 ; 'rhoi»»«e«4 
J, prakt, Chem., 1877, jUJ, 15, 2115; Mni^nu.s Pogfj, AnnuUn, 182H, 14, 239^ 

* Klason, Her,, 1904. 37 , • 

**Mla8on.%c. ciU Compare Vdzea, BuU,Svc. chivt., 1898, [iiij, 19 , 875 ; Zappi. Ai’-i 

i’w. .ir^eaO'jwt, J915, 186. • * 

* Clarke, 1878. [iii], 16, JI06. 

* Thoniaen, UK,g^i., p. 430. • 

* Lang. «/. praJB. 1802, 86, 620.. 

’ NUma, J. prakt, Ckem., 1877, fit), 15^260; Hull, Hoc, chim,, I8t7, fii], 27 , 210. 

* Bottger, J. prqki, Chern., 1804. [i], 91 , 251, 

; ,8 ClOOke<>- 1804 . n. 37 . 



tl^lUiUfscont mass on evaporat ii|j|> an aqueous solution of^tetracTilor 
platiTiffiis acid in vacvo over sulphuric acid and potsishd'* 

^ It diSsuIvcs ill water, yieUling a reddish brown solution* w'ith an 
acid reaction. Headed to 100° C. it loses water and hydrogen cldorfde, 
yielding a residue of platinum dichloride. 

Silver Tii^or«hydroxy«pIatuiite, .\g2PtC4(6lI), is obtained ^ as a 
brown [irccipitatc on adding a .saturated'solutioii of silver aeetatc to 
one of I i ichlor-hydr<«y-platinous acid in the cold. 

Uad TricMor>hydroxy-pIatiiiite, Pbl’tClJOII), is obtained 2 in a 
similar manner to the preceding salt. It is somewhat darker in colour. 

pichlor>dihydroxy-pIatinSi\u Acid, 1I;PICL(0II)2. — Kvidcncc that 
this acid can exist not altogether wanting.''*' A silver salt, having a 
coiiqiosition closely corresponding to the formula AgjPtCl^lOHlj has 
been obtained.^ 

Platinum Trichloride, PtClj, results =• when pl.-itinum tetrachloride 
is heated to 390 ° ('. in, a current of pure, dry clilorine for several luairs. 

It is a greenish black jiowdcr, slightly soluble in cold water, but 
rapidly dissolved by the boiling liquid, yielding a reildish brown acid 
solution which is possibly trichlor-dihi/droxii-plalinoih^i acid, lI,PtCl3(OII).., 
analogous to the tetrachlor-dihydroxyqdatinie acid, IljPt('l4(OII).]. 
obtained* when the tetrachloride is dissolved in water (sec j). 
Prolonged boiling with water causes iTartial hydrolysis, an oxychloride 
and free hydrochloric acid resulting. 

The trichloride is almost insoluble in concentrated hj'droehloric 
acid at room temperature, but on warming the two, decomposition 
takes place, the di- and tetra-chlorides of platinum resulting. 

Pentachlof'platinous Acid has not as yet been isolated in a free 
state although its presence has been detected in solution ‘ when ehloriiic 
is passed into a solution of tetraclfior-platinous acid, since it yields with 
ciesiuin chloride the char.act eristic green precipitate of ea'sium penla- 
chlor-platinitc, Cs^PtClj, which is the only salt of this acid at ])7csent 
known. 

Ctesi&m Pentachlor-platinite, Cs^PtClj, is obtained * when chlorine 
|s,{iasst'd into a cold solution of ciesium tetraehlor-platinite, Cs.d’tt'lj ; 
it also res'ults when hydrated platiiuyn sesquioxidc is dissolved in 
hydrochloric acid containing ejysium oliloridc. It is a green, crystalline 
insoluble salt.. hen ^ w'armcd» with jvatcr it rcadilv def^anposes, 
yielding the ^'trachlor-platinitc. Exposure to sunlight likewise .iccelc- 
rates it# decomposition. 

* Platinum Tetrachloride, Pladnic Chloride, -PtCli.— This salt was 
first prepared, in a hytlrated form by Norton, ^itwho, however, failed to 
isolate tljp anhydrous salt. This latter may be obtained by heating 
partially dehydrated chlor-platinjc acid in a current of ehlorine at 
y00° C." The possibility of (ircixiring it in this way has been disj)uted,’ 
but Gutbicr, hho carried out a nwmber of exnepimcnts with chlor- 
platinic an'd under a^ variety of conditions, wtis abler to prepare the salt 
quite easily. In the'neighboHrhood of 00° C. the crystals mplt in their 

^ Nilaon, J . pnikt. Chem.^ 1877, [iij, 15, 2^. 

» Miolali aud Peiidini, Zcilsch. anorg. Chmt., 1903, 33, 204. 

• h. Wohler and .llartiu, J3cr., 1909, 42, .WiS. * 

• Ij. W^Chler and Martin, loc. cit,, p. 4100, 

^ Norton, •/. jtfxtkl. CAcm,, 1870, 2, 4t»9. 

• Pigeon, ChiM,^^*hy9., 1 894, [viij, 2,4:13 ; Copipt, rend,, 1890, no, 77. 112, 1218 

’ Roaoaheim anfl Locweufit*min^if€i7tcil.a«ory. CAfm., 1903, 37 , 894, 



a little later till Walor ‘boils <)ff and the*ijjixtui 
threken^f oThe final stages of the reaction arc carried out witlfa slo 
ris^e of tc^npeiature. 

One method consisted in suspending aminoniibn chlor-platinaic i 
£»small quantity of wi^cr, and decomposing it hy Jhc pajJssage of cliloriii 
gas. In order to avoid the formation of explosive nitrogen chlorid 
fhe reaction should be canfbd out at lOO*^ ('.* The product, namtjj 
chlor-platinic acid in solution, is eva])orated to dryness in vanw, an 
heated in dry chlorine at ^50° to 300“ C„ care being taken not to exeeci 
this latter temperature. The mass foams somewhat, on neeount of tli 
liberation of water and hydrogen chloride,^ and is irradiialiy eonvertei 
into the tetrachloride.^ , 

Gutbicr, however, recommends heating clilor-platinic acid in j 
current of dry chlorine to a temperature not exceeding 300“ C. in ui 
apparatus containing diphenylamine. 

IMalinum tetrachloride is also obtained bw healing ehlor-plalinii 
acid to 105° C. in a eiiiTcnt of hydrogen chloride for Orteen hours.® 

Platinum tetrachloride is not formed by nurely healing ehlor 
platinie acid in air, beeatisc it decomposes befon' the whole of tia 
hydrogen chloride is ehininatetl, yielding the diehloride.** Whei 
heateit to 370° C. in an atnios))herc of chlorine it begins to dissociate ’’’ 

Ptri^ ^ PtCK }- 

Platinum tetrachloride is reddish brown in colour, somewhat hygro- 
scopic, and moderately soluble in warm water with c\V)lulion uf lieal 
(see below). It is hut slightly soluble in alcohol, but easily solul)le in 
acetone.^' 

Wlicn exposed to the air, water is absorl d and the salt assumes a 
bright yellow colour, yielding a eompotind of composition represented 
by the formula 11.^^014.0.411./). Its aqueous solution is stable, 
admitting even of distillation without decomposition, and has an acid 
reaction, decomposing carbonates with evolution t)f e.iiJ)on dioxide. 
It is usually regarded as containing telr(U'hlor-dihf/dro,V!f'platinio acid,^ 
lI, 2 PtCl 4 (OII )2 or PtCf 4 . 2 Tl 20 , and this receives support from the fact 
that upon electrolysis of the* solution it is found that platinnin is 
‘containcciin the complex anion.® 

Plalii^um tetrachloride is •reducecl in solution by iodine at the 
ordinary temperature to the dichloride : 

PtCI , -{- 1. ^ Vti\ j 2IC1.'* 

This reaction is inaue the basis pf a volumetric method for Oitimating 
platinum (see p. 341). 

• Pigeon, toe. cit, 

• Gat bier and IIeinr'ch7i^e«7<c^. anory. Vhetn., 1913, 8 x, 378. 

• Pullinger, Trans. Ckem. 6V., 1892, 6t, 422. * 

Pigprin, loc. cit. ; Weber, Pogg. Annakn, fs67, 131 , 443. 

• L. Wobler and Streicber , jffer., 1913, 46 , 1691. • 

• Kosonheioi and Loewcnstanim, cit. 

r ’ Kohlniusflb, 1897, 63^423. 

' * Hittorf and Salkowaki, il/id., lHtj9, 28 , 646; Dittfulw iger and laetz, jfttn. Phys, 

Chem.^ 1899, [ii], 68 , 853 ; Kohlrauseli, Zeiisch. jrhjsilai, Chefnii I90(k 33> ; Miolati, ! 

Zeiiteh. anarg. Ghem., 1900, 22 , 446. 
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Th^jjiciit of forniatioii^'of plafiftum tetrachloride is : 

(Pt] + 2(Cl2) [PtClJ + 59- J. Cals., 
and its heat of solution in water is : 

[Ul(1,f I Aq. . . PtCl^.Aq. + 19'58 Cals. 

VVlien dry, ])ialinuni tetrachloride is f educed to the met ill by 
curri'iit of hydro^^en Vven below 80^ C.^ Its soli4ion is reduced by 
powdered cobalt; with precipitation of inetallic platinum. Thus ^ : 

Ptd^.Aq. + 2[Col [PtJ + SCoCla.Acp -|- 109-9.S Cals. 

Hydrates of Platinum Tetrachloride, --Platinie chlorido combines 
with water to yield a scries of hydrates. The ociahjdmley PtCl4.8ir./), 
crystallises from aqueous solutions of the salt in the form of red needles.^ 

'Die jmitahydraie, PtCj4.5ll20, was first obtained by Norton * ajid 
studied i)y Jiirgensen.** . It results on decomposint^ silver ehlor-platinate 
with boilin(» water, filtering off the silver chloride and erystallisiu" over 
sulphuric acid. It crystallises in apparently monoelinie prisms, red in 
colour. When dissolved in water and the solution evaporated, the 
octahydrale separates out. Heated to 100° C. the ])eutahydrate loses 
moleciiR!‘s of water, being converted into the monohydrato (sec Udow). 

The ietrahijdmley PtCl4.4H20, is the stabh^ form at tlu) ordinary 
temperature. It is obtained by allowing higher hydrates to ellloresce 
in dry air,* or by dissolving platinum liydroxidc in a solution of chlor- 
plalinic acid, apd concentrating to crystallisation.® The crystals arc 
deliquescent, and, upon warming to 50° C. in a em rent of dry hydrogen 
cliloridc, yield ehlor-platinic acid. 

The dihifdratCy PICI4. 211.^0 or Il2ptCl4(On)2> has not been isolated 
in the pure state. It cxisits in soKition when jilatinum tetrachloride is 
dissolved in water, and is described under the name of tctraehlor- 
dihydroxy-platinic aMd (scisp. 296). 

The monohydndCy PlCl4,H20, results when the jicutahydrate^ or 
the tetnfhyih’utc*^ is heated to 100° C. When heated to 860° C. it 
IciTves a resitlue of dichloride. , 

. ’ Hexachlor>«platinic Acid, IljPtClg, is obtained in solution when 
. platiiiiuu tetrachloride is dissolved iniU|UCous hydrochloric, acid. 

The usual method of preparing it consists in dissolving plulinum in 
'aqua rej^ia. . 

The metal may/ however, contain iridium which, although ins'>]ublc 
III aipui regia wlieu by itself, yet dissolves wlien alloyed with platinum. 
Tht^ metal is therefore attacked by aqua rc^pa on the water- bath, 
and the concentrated solution diluted, rendered alkaline with sodium 
carbonate, and reduced with formate. After warming, the prccijiitated 
ftictals are dried and i^jpvited in a crucible whereby the iridium is rendered 
insoluble in aqtia regia. Treatment ..with this lattci; reagent effects the 
Mution of the platinum. To remove all nitrovs compounds the^ 
aolution is repeatedly evaporated and taken upvagain with concentrate 

*'Plgoon, Ann. Chim. 7’/r,y»., 1894, [vii], 2 , 433. 

• Phillips, Amer, (Jhenu J'., 1894, 16 , 255, 

• BlontU‘1, Ann.-'Ohim. Phys,y 1905, iviiil, 6, 81. A cording to PigeOh {Ann* Chim*] 

1894, [viij, a, 433) this is the heptahydrate PtCb. 711^0. " 

• Norton,*/. pAdt. Chem*^ 1870, a, 469, 

• Jorgenson, 187<7, x6, 346, 

• fiugel, chim*, 1888, fU], 53, 100. 



hydrochloric acid. Any chlor-platf#>>us acicl, l*l2in;v 14, 2.^ VA/AA i« 
ciilor-pTat’iiic acid by saturatinjj with chlorine in the warm. 

Platmum scrap is conveniently worked up intb’ ehlor-platinic at 
by alloyinijf with zinc under a layer of l>orax. Tl.e melt is Ireated y9\ 
Iiydroclilorie acid, v liich removes most of ih ^ zinc; and the lin< 
divided platinum is dissolved in aqua rej»ia. • 

The solution thus obtained is contaminatcil with n little zine. It 
tlicreforc treated , 'it her with a rod of pure zinc which precipitat(\s^ 
platinuin, or with liydn*Lfen sulphide whereby the sulphide is preei] 
tated and ignited. In both eases the resulting inelal is dissolved 
aqua regia, repeatedly evaporated with liydroehhwie acid, excess 
acid being finally removed by evaporation and the i * siduo taken 
with water. ^ 

Platinum sjjongc is soluble in eoneentrated liydroehlorie ju 
saturated with elilorinc : platinum blaek, if it has not been ignite 
dissolves in concentrated hydroehlmie acid in the presence of hydrog 
])eroxide ^ ; whilst eornpaet platinum passes into solution when tnal 
witli a mixture of elilorie acid and eoneentrated hydrocl)lqrie aeid.^ 

In each of these cases a solution of ehlor-platinu^ acid is obtain 
entirely free from nitrog .'u compounds, and in a high state of puri 
if the original metal eonsisied of pure platinum. 

The acid may also be obiaiiu'd elect rolytieally ^ by passing nn eh <1 j 
eurrent tlirough eoneentrated hydrochloric; acid containing j>reeipitat 
platimun in a line slate of subdivision, using platinum foil as elchlowh 
The anodic olilorinc attacks the finely divided metal, .vi Iding the 
chloride, which dissolves in the li(pjid to form the acid. The (iiu 
divided metal is coiivcniently prepared for this purpose !)y preei pit at i< 
with mct.allic zine from a solution of a platinum salt. On eonecaitratii 
the solution to obtaiii the pure cidoi-])latmic acid it is advisable 
introduce a small quantity of chlorine to ensure the absence ol platino 
corn pounds. 

On (;^)ne(*utrating the solution, chlor-platinir; acid tTystalliseii out 
the form of reddish brown needles containing 0 iuoie<*ules of wat( 
thus: IlaPtClo.rillgO.® The crystals arc delhpieseent, soluble in wat< 
idcohol, and ether ; density J 2*131. 

Kqiiivalent solutions of eltlor-platinie acid and its sodium si 
L*xhibi^*thc same absorption^spectn”ii.® It is reasonable, tlu u fore, 
assume that similar negative ior. > exist in U>lh srjlutions. If t 
formula Na2PtCle be accepted for the soiiium saltfthid of tlw: JVee uc 
is IljPtC’le, and not 2lICl.PtCl4. ^ ^ 

When heated, the Tystals melt at GO'" C, in their own eonilum 
water; if maintained at 100" €. in vacuo in th^^ presence of potas 
oentachlor-htjdroxy plaiinic acidf P iCl 4. IIC’1. 211.^0 or ll2ptCJ5{()ll), IIJ 
is left as a residue in the form of reddish broA^n crystals.® At high 
temperatures plariqpm dichloridc Is formed. It docs not, u|>Uii 

• J. M. Tingle arjri A. TinlJlo, J. Soc. Chew, hvl., ima, 35, 7 ?. 

^ Dittinarand MacArthur, Tr^ftis. Htnj. Soc, Kdin., 1H8S, 33, [lij, .501, 

• Hudniek and T. D, Cooke, Amcr. CAtm. Nor., 39, d3o. 

• y*ii\ypit Afdi’ Quim. Armniina, I9I.'), 3, 68. 

• Welwr, Amcr.K-hem, Hoc., 1908, 30, 29. 

• Weber, Poij'j. Amtakn, *867 131, 441. 

^ Bootlokor, Jiihreshtr.^ WfiU, p* 16. 

• Hantzaob. /icr., 1908, 4I1 12I«- * 

• Pigeon, A Chitn. Phy^t I894#lvii], 2, 433. 



flccomposr’s before the whole of the hydrogen chloride has bgcif dim/ 
rmtfd. (’()iisequciifly, to prepare the tetrachloride it is necessary to 
heal dilor-platinic acid eifher in dry hydrochloric acid or in chlorine. 
When a conc6ntrat(jd solution of chlor-platinic^ acid is ]K)ured into, 
concentrated sulpfiuric acid, the tetrahydrale, Il2PtClg.4Tl20, is obtained 
yellow ])reoipitate. The anhydrous acifl has not been isolated, 
C.hlor-plalinic acid decomposes metallic carbonateg, imd unites with 
bases to form sa»lts known as Mor-platinatc^, Hydroj^cn 

sulphide reduces it to chlor-platinous acid, n 2 PtCl 4 , and after a time 

E »‘C(*ij)itatcs some of the platinum in the form of its black disulphide. 
^tSg. I 

Sul[)hur dioxide likewise reduces the acid to chlor-platinous 
acid, and if added in excess gives rise to complex sulphite derivatives. 
Yellow phosphorus reduces it to the metal, whilst hydrogen pho?^- 
phide causes hypophosphites or phosphides to form, according to 
circumstances. 

The heats of formation of chlor-))latinic acid are as follow ^ : 

[PtCl4l + 2HCl.Aq. ILPtClg.Aip + 24-8 Cals, 
and 2 ^ 

IPt'l -1^ 2(Clo) + 2lICl.A(i. - IlJHClg.Aq. f 84-G Cals. 

The heat of solution of the hexahydrated crystals is ^ : 

IHjPtCle.GlIjOJ +Aq. - ll2PtClg.A(i. i 4-34 Cals. 

Ilexachlor-plaiinates 

Salts of hcxachlor-platinic acid may be conveniently divided into 
three groups, namely : « 

(1) Anhydrous salts of general formula M^PtC Ig. 

(2) llcxahvdratcd salthi, ehiedy of the divalent metals, of general 
fonhula Ul>tCl„.(iTI.p. 

(3) ’SulU of divalent, tri valent, and tetra valent metals, containing 
r • varying quantities of water. 

>; *Thcy may* be ol)tained in several ways, ^namely : 

t. (1) Py direct action of chlor-.platinif,^ licid upon the hytlroxides or 

jcarbonales of metals. For (‘xanipjc : 

I ^2K(^jl I liJHClg =- K^PtClo i 2ILO. 

A (2) By mixing solutions of soluble metallic chlorides and chlor- 
platiuic acid. For example : 

2N1I,CF'4 IlaPtClg - (NH4)aPtCle + 2HCI. 

^ A This is a particularly ^lscful mcthml to adopt when a (juautitalive 
iiictcrmiuatioii of platinttm is required (seep. 341) since ammonium chlor- 
‘^atinate is relatively insoluble in watev^ and still le:s Soluble in alcohol. 
I (3) A siihilar reaction to the preceding takes place? when otlier sdts 
ffhan chlorides arc added to chlor-phdinic acid. For cxam|>?e, sily^r 
fjchloridc is insoluble in water, but on adding the nitrate to a cold 
^lutioii of the acid, silver chlor-platiiratc is immediately precipitated : 

2AgNO, + H^PtClg == AgoPtClg + 2IICI. 

c 

1 Pigcoe, loc, of, 

f Thomsen, J, praki, C\em., 1877, [ii], 15, 436. 


lition «ifi air. vield the anhvdrdifc tetrachloride. PtCF.* since 
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(^) ^ doilbl'e decomposition a soluble chlor-piaiinate|^su«H 'H 
the soSirm salt Na^PtCI^* with a salt of a metal yielding aji insoluhl 
ohlor-piatinate, such as, for example', silver. • 

The chlor-platinates are mostly of a yeMi>w eolour, the insolubl 
salts, namely, thosr of putassiuin. riihidiiini, tvsinn^, ammonium, aii( 
silver, crystallising in the anhydrous eondilion in fhe form of eubi 
oetahedra, isomor]>lioiis witli tlie chl<n--iridales ami ehl(n’-osinj?^t?S 
The more soluble .*iiIor“> Salinates, namely, those of sodium, magnesium 
/ine, etc,, crystallise Wi(h 0 molecules of water, and are isona»rphoui 
with the chlor-stannalesd 

Both ammonium and potassium eh!or‘]>latinai *s. lu neecamt o 
their insolubility in a]<*ohol, arc use<l in tlie <]uaiditati\ e estiinaliou o 
platinum. The former salt upon ignition yields a \ ery |)nre j)hitinunf 
sponge. The sobibilitics of the nmre im})ortant chlor-platinates ir 
water at 18° C. are given in tlic following table : 


Chlor phvtinatp. 


Silver . 
Ca?sium 
Rubidium 
Ammonium . 
Potassium . 
Sodium 


Oratnsj of in 100 trranm 

of WnhT. 


Almost nil 
OOS 
0*1 t 

o*<r 
Mm 
c, *0 


, Group I. — Anhydrous Salts of (General Formula M^PR'I^j 

• 

Amipoiiium Chlor-plalinate, {NH,) 2 PtCl«» is e]^*s(ly similar in 
appearance to the j)otassinni salt, with which it rs isrtniorphous. It 
crystallist's in regular oetahedra. * 

The soh.bility of uinmojjinm ehIor-[)laf iriale in water at Carious 
temperatures is as follows ^ 

Temperature ° G. . M*5 100 

(Jrams (Nir 4 ) 2 Pt(’l(} per lOU # 

grams . . . O-OOf? l ‘j.j 

When heated, ammonium ehlor-platinate deeenjf)OKcs m leeordance 
with the c(piation d 

3(NH4)2PtCl« - 3Pt 1 -}- 2NJl4tl 2N2» 

the metal being leftibehind as aMull grey, soft and porous^mass known 
as spongy platiniun or platimmi sponge.’ 

, /rhe density of the salt is * 

Qeutim Chlor-plaiinate, CsjPtClg, yiClds yellow cubic octahedrfi 

‘ Bcllucciaml Parravano,1IJ<rt/^f/ . rtwory. Ckem., lOOf), 145, 142. 

* Crookes, Ckem. Newt, 1864, 9 . 17. 

* Ray and Ohosli, ZpAtuch. tinur<j. C^cm,^ 1000, 64, 184, '^’onirast MaurriCn/*, Bvl 

Boc, ckim., 1800, liii], 4, HO. • ‘ 

* Archibald, Proc, Hoy. Soc. Edm., l^pO, %9, 7^1, 



‘.sokrbilify of wbirh in wJitPi^ at various tonipcratu^ist *•*’ 
'Allows ^ If 

Tempnatun^^C 0 «10 * 20 20 40 CO 60 70 80 90 100 

Cirains (> \ « 

! per KU^^^rams 0*0?4 O OfSO 0 079 0110 0*112 0*177 0*2 1 0*201 0*29] 0*232 0*37';^ 

/ ‘ ^Potassium Chlor'*Qlatinate, K^PtCla, is most readily obtained by 
nddinj; |)otassiiirn^ chloride to an acidulated sobition ^of *platiniim tctra- 
chl()ri(ie. It crystallises in cubic octahedra which are yellow in colour 
and but sli^ylitly solu})lc in water, and still less soluble in alcohol. The 
formation of this salt is therefore utilised in the quantitative estimation 
of potassium and pliftiiuim. 

Its solubility in water at various temperatures is as follows * : 

; Temperature ° C. . 0 6*8 13*8 46-5 71 100, 

Grams KglMClg in iqo 

grams HgO . . 0*724 0*873 0*927 1*770 3*018 5-23 

i; , 

The heat of formation of potassium chlor-platijvitc is ^ : 

[Pt I H 2(Cl2) + 2KC1 . Aq. =- K^PtClg . Aq. + 83*3 Cals. 

: When 'ignited, the salt decomposes^ yielding a mixture of spongy 
^platinum and potassium chloride. Tlic reaction is not readily com- 
pleted in air, but in a current of hydrogen the decomposition is quanti- 
tatively exact. The density of potassium ehlor-platinatc is 3*409.'* 

. Rubidium Chlor<«pIatinate, llb^PtClg, yields micros(‘opic octahedral 
crystals, yellow in colour, and having the following solubilities in water 
at various tempc‘mturcs ® : 

tempcrnlurc‘'C 0 10 20 30 40 CO 60 70 80 90 100 

OranmBbartCb) 

in 100 grom.s 0*184 0*in4 0*141 0*14,5 0*160 0*203 0*253 0*329 0*417 0*521 0*034 

11,0 ) 

Silver Chlotrplatinate, AgjPtCle, is obtained as a yellow precipitate 
3y adding silver nitrate in excess to a cold solution of elilor-jilatinic 
xcifi. It is not quite pure, since it is slowly dc'composcd even i)y cold 
kVater; yielding silver chloride and a solution of pl.atinum toirachloride,® 
^diich is dihy dfoxy-tet raehlor-plv^tinie add, PtCl 4 . 2II2O or H .PtCl 4(011)2. 

Upon liltcring off the silver cWoride a^id concentrating the 'solution 
5ver sulj)huriccacid^, the pentahydrate, PtCl4.5ll20, crystallises out. 
3n warning, however, with Vxce.ss of silver nitrate, the silver .salt of 
diliydroxy-tetrachlor-platinic acid is obtained, thus : 

H^PtCle + 2AgN03 - Ag^PtCle 2HNO3 
AgJPtCle + 2H2O = 2AgC:i + PtCl 4 . 2 H ,0 
PtCl4.2H20 + 2AgN03 -*Ag2PtCl4(On).2 + 2HNO3. 

The heat of formation of silver chlor-platinate Js as follows ^ ; 

[PtC^l - 1 ^ 2[AgCl] =- [AgaPtClel + 7-7 Cnh. 

* 8 cUlell, SohtbilHiee of Inorgavic and Organic SubstancrA (Crosby Lockwu(!<l, l^(!7)j, 
^ 6 Vom Burisw, Po<jg. A7tnaknt 1861, 113 , 337 ; Crookes, loc^dl. 

rr i • Kirchoft and Burfocn, .Inn. CAm, Phys,, 1862, [iiil, 84 , 257 ;'Crooko 8 r; Chm. A'erw, 
,^864, 9 , 37; ^ ‘ 

* » IMuccon, Ann, CMm, Phys.^ 1894, [vU], a, 433.t 

* Archibald^ Proc, Poy.ficc, Kdin,, 1009, 29 , 721, 

* Boidcll, optt» „ 

* JSrgenson, «/. proH. CA«m., 1877, 16 , 34C. 



Group — HexASydrated Salts 

, Sodiiim Chlor'*plaliiiate> TCa^PtCIj, . crvst.illisf s in reef, triclinic? 

prisn^, of density 2 -tOO. T)iese become anhyuii^tis at 100 ’ C., being 
c* Jiu’crtcd into a yellow |)owder.* 

The heat of s(»Iulion of the anhydrous salt is “ ; 

[Xa-^PtClel + A(j* Na,PtClfl. Aq. +^8-51 Cals. 

For the hydrated sfdt : ' 

[Na,Pl('Io. 011 , 0 ] 4“ A(i. - Na.PtCIft.Aq. - 10 03 Cal>. 

The heat of formation is : 

[Pt] + 2(C1,) f 2[NaCl] [Na,PtCI,j +^3*7 Cals. 

In atldition to the forciroini^ the chlor-platinates of the following 
nfttals have been prepared : 

llarmm:^ I3aPtCI„.0ir,() ; 

Cfifhniinn.'^ CdPlCI^,. 0 ll.>O ; 
rv>w/,M’oPicip.oH,or 
Copprr,^ CnPfCl\j.Ofl.,0 ; 

Imn ( ferrous), Fel»L(%.0H,O ; 

Li tin uw* I j o P tC] „ .Oil aO ) 

Magnrsiinn,^ ; 

Manfi(n)V}ii\ MnPtC’lfi.0lT.,() ; 

Kickel^ Nil»K l^.rdl.O : *’ 

Thallhinn T1>PK1,.01I..O ; and 
Zinc, ZnPtCl‘,.(ilI,0. 

(iroup III. - Salts e(»ntaiijinuf varying quawtities of Combimsl Water 

"She clilor-platinatcs of : 

Aluminium;* AlClj.PtCl.,. 1511/) ; 

Calcium,^ CaPtClQ. 8 (or 0)11,0 ; 

Cerium,^ CeCl,.PlCl4.13ll2() and ’ ^CeCly.JlPU 
(Lfdollnium,^ GdCIg. Pt Cl,,. 1011,0 ; 

Cluelnum,^ GIPtCb,. SitgCJ ; 

SlnClg . aPl CI 4 . 301LO ; 
hon (ferric) 2 Fet'laViPtCI . 2111 , 0 ;' 

Lead,^^ Pbl'tClfl.3(or -1)11,0 
Strontium,^ SrPlCl^.811,0 ; 

Tin (staniiic),^**/>nCl 4 .Pt('l 4 . 1211,0 ; and 

Zirconyl,^^ ZH\PtCl«. I2ll,0. 

• 

^ Vauqiiplin, Af>n. L him, Phjs., 1817, (jiJ, 5, 392. 

* Thomsen, J. praki. Ohem., 1878, (iij, i8, :i8. 

» BimsdorlT, Potjg Antmlen, 1829, 247, 1829, 18, 331 ; f83U, 19, 3a< ; 1837^ 

J3, 61 ; Ann. Chun. Phf^., 1830, 44, -M4. 

♦ Scljeibler, J. prokt, Ckem., l80tJ| [i], 67, 485. 

Welk#»w, iJer., 1874, yrSOl. • 

• John, PitU. Soc. [u], 21^ 534 ; Clc\y, t5iV/., 1871 fill, 21, .»18, J97, 247j 

145; Compt.. rend., 1880, 91, 381. 

’ Holtznftinn, J.ifirakL Ch^m., 18:11,41], 84, 70. 

® Benedicks, ZeiUch. anorg. Chon., 1000, 22, 393. 

•Thomsen, Bcr..! 870, 3, 827 ;. ^74; 7, 75; Wtikow, Btr., 1873, 6, I2S8. 

*• Nilson, Bull. Soc. chim., 1877, jiij, 27, ‘;00. 

P Birnbaum, dakre^bir., 1867, p. 319. 



Chlor’h^drojnf-plaiinTc' Acids y H2PtC] 

Pentalhlor-hyllroxy'-platinic Acid, H2PtCl5(0 H).-- The nioit)hydr 5 te 

of this acid, njimcly,*]T2rtClg(0H).Il20, is obtained^ as a dcliquascent 
residue on kceiiinj? cr^^stals of hcxachlor-platinic ^cid in a vacuum ovor 
caustic potash af 100° C. for three days : 

IIjinclu.nTI^O ^ lTjI*tCl5(()Il).lI^O + HCl -U 411,0. 

It readily dissolves in water, yielding a •yellow solution with an 
acid reaction, sullieiently powerful to decompose carbonates.^ ^Vith 
ammonia no precipitate is obtained, which property serves to dis- 
tinguish this acid from hcxachlor-platinic acid. With ammonium 
chloride or potassium chloride the corresponding hexachlor-platinatc ijk 
produced. 

Titration with alkali, using phcnolphthalcin as indicator, shoys 
that the acid is dibasic,^ and several salts have been prepared. Of 
these 1 he best known are : 

Barium Pentachlor-hydroxy-^platinate, BaPtCIg(OII) . J-IIgO, \vhich is 
prepared l)y neutralising a solution of the acid with baryta water. On 
concentration in a desiccator the salt crystallises out in orange-yellow 
prisms.'^ < 

Silver Pentachlor-hydroxy-platinat^j, Ag2PtPl 5(011), which resul/s 
as a yellow precipitate.^ on adding a solution of silver nitrate to the 
acid. 

Strontium, Thallium, and Lead salts, namely, SrPtCl5(OIl).iroO, 
TlaPtClg^OIl), ahd PbPtCl5(0IT).Pb(01l)2, have also been isolated, and 
evidence has be|.'n obtained of the possibility of the existence of the 
sodium salt, Na2PtCl5(0ll), in solution.^ 

Tetrachlor-dihydroxyoplatinic Acid, lT2PtCl4(01I)2 or rtCl4.2ll20, is 
obtained in solution by hydrolysing silver licxaehlor-platinatc with 
; boiling water : 

Ag/iHClg f 21LO - 2AgCl + ir2PtCl4(0IT)2.s 

and exists in sol'ution when platinum tetrachloride is dissolved in 
waicr. 

Ui)on concentrating the solution ami ticating the residue to 100° C. 
the monoliydrate of ])lalinic chlCridc, rtCi4.1l20, is obtained, ^-Further 
dehydration cannot be effected in' this nfanner without dcconi^i()o§ition 
of t he saljt. ,, 

: ^ Tlic solution has an acid reaction, decomposing carbonates. Titra- 
tion with alkali, using phcnolphthalcin as indicator, shows that the 
acid is dibasic. * 

Severar salts 'bf this acul have been prepared. The silver salt, 
Ag8ptCl4(011)2.d\as long* been known. Other salts arc* those of aanc, 
C;nPtCl4(0lI)2.3Jl20; cadmium, CdPtCl 4 (OII). ; lead, PbPtCl 4 (OII) 2 , 
and a basic lead salt, PbPtCl4(OH)2.Pb(OII)2. ' ^ 

Dichlor-ketrehydroxy-platiiuc Acid, dl2PtClj(OII)4, is readily ob- 
;;taincd in aqueous solution by hydrolysing silver tetrachlor-dtiiydroxy- 

* ^ipoon, Ann. Chim. Phya., 18S4, fvii], 2, 433. 

• Pullingor, Trnna.^'^ham. »Sfoc., 1892, 6i, 492. 

• Miolatv Zeitach, anorg, Chem,y 1900, 22, 445. 

♦ Miolati and Bcllucd, Ztitack.anorg. Chtni. 190), 26, 209 ; 1903, 33, 258. 

® Norton, J. pmit. Chem.^ 1870, (iil, 2, 409 ; 1872, [iil, 5, 305 ; Jorgensen, ibid; 1877, 
1^1.16,3:15. ' 


ASfii 

■ fHft'Tnate„A!»,Pt(Jl 4(611)4, with w'jp^ at 100 ® 't. THe rcaclioji 
setcral iio«TS to. 5 ;opftplctc, \>ut piocmls ns follows* -.f, 

Ajr.PtCl^COII).. 4- 2U.O •- 2A^ri -•H'’P:t'L(OU),. 

The acid is also fn-odnccd when aniinoiiiuiH liyiiroxide is addtKl 

the requisite umount to a solution of the (eiraehlor-dih) droxy 
acid : * 

‘jir,Ptcii(oii)2 -}- L>>sii,nir {su,).,v\x'\^ i ^ji^o i UAHn.^xni)^. 

The solution is evaporated to <hyneNS and the acid (xtraeled with 
water, ammonium hcxaohlor-platinale i^inainiuLf (.e) ii.d as an insoluble 
residue. • 

When mixed witli excess of dilute hydrochloric acid, hcx.ahydroxy* 
platinic acid dissolves, yielding the diehlor-tetrahydroxy aeid. 

* When diluted with water this acid yields the hexahydroxy aeid in 
amorphous form, but in a crystalline form if dfalysed.- 

IC an excess of ammonium hydroxide is added to a sc»hjtion of the 
tetrahydroxy aeid the liipiid darkens and ultiinalely deposits a brown 
noceulent mass of Fulminating Platinum/ Nll.,Pt 2 (()ll),o. wliicdi is 
soluble in dilute hydroflikirie aeid. Tlie floeeulent mass ^r' Sf rnidt s 
hydrated ferric oxide in a»)|.V|ranee and contains no ebl aia-’. If 
dried at 100^ C. after ihorou^k ^vaslliu^^ and then exp(v^ed to further 
dosieeation over sulphuric aeid, it absorbs moisture* uj)()i» exposure 
to air with sueli a^i(lity that; the parlielis jump alp'ut. 

When j»<‘ntly warmed to 1*25' V. the substcanee d.trkt ns in colour 
and loses the equivalent of a molecule of wat(*r. At (’. it becomes 
black, and above 250'^ C. it decomposes with violent detoiiabOn, 
nitrotjen, water va])Oiir, and oxyj^cii bei; ;^,evolvcd, and a rt siduo of 
platinum .sj>on(rc remaining bebiml. 

Ill pyridine is added to diclilor tetrabydroxy-platinic aeid instead of 
ammonia, a similar detonating product is f>l>taiued, pi^umably having 
an analoi^^Mis composition, namely, Pt,^(OU)j„. ^ • 

Monochlor-pcntahydroxy*-platinic Acid, Il 2 PtCl(C)n),, is nbtie'nod^by 
the action of ^iilute sul[duiric aeid upon the barium salt. I* is a l){|omi, 
delupiesccnt syrup. It is <Iibi(^icJii character. Its solutions dcef»m|)ose 
carbonates, slowly in the cold, but readily on warming. 

The %alcium salt is obtaifted by^llie acli( n of sunlight on ehlor- 
platinic acid in the presence of lime. ^ barium ^^ mI ^tvont^.im saltsf 

have likewise been obtained in a similar manner, il alkali hydroxid^$ 
are employed, however, instead of the alkaline earthS|r sunilar salts are 
not obtained. 

PI^ATINUM AND BltOMIND 

Platinout Broml^, Platinum Dibromide, Ptllfo, results as a brow n, 
insoluble powder m heating brom-plalinic acid. Il^Ptllr^, in air at 
about 280^” C.^ ^ 

*6rom-pIatinoii8 has not been i^^olatcd in^th^r pure 

» Jacobsei^ Compt.rend., 1000. 149 . 574. Contrast Jcirger f n, J. praki. Chcm.t 1877, 
fill, 16 , 345 ; Miolati,**€t7#c^. Onffrg, Ckern., 1000, 22 , 445. 

* Blondcl, Ann. Chirn. Ph/s., I90iV fviii], 6, HI. , 

» Miolati, '/jcUsck. c^org. Chem., ItiiK), « 2 , 464 ; Bf-llucci, Alii 1iMcc(id. TAnctu 1002. ' 
{ir], n, ii, 241, 2'1\, 

C ,, j * PoUinger, Trck^ Jt. Chem. Soc., 1891, 5 ^, 598. 



fcyw PLATii^ 

i^V‘, put existJ in solution whAI platinous bromide is disst(ive9|^ ' 
aqu(‘()iis Ifl-oinidc. It combines with bases to fonh : 

':■ * • Ifrom^plathiites, M.^PtBr 4 


or tlu so thc*^riost important salt is : 

. Potassium Tetrabrom-platinite, K 2 PtIh -4 iiIhPs 'vhich may be ob^ 
t^^ined ^ by rcriuction ortiiclicxabrom-platinatc, KgPtHr^jWith potassium 
; oxalate solution at lOO"^ C., or by additioi^ of sodium bromide to 
potassium tctrachlor-plutinite.^ 

On eouci^td ration, the bijmi'platinite erystalliscs out in large, black, 

: rhombic crystals : 

^ .a : 6 : c = 0-60582 : 1 : 0-70199. 

'i'hc crystals arc readily soluble in water. Their heat of formation 
: is as follows ^ : 


IPt] -| Brg ! ‘ilvBr.Aq. -- K 2 Pllh‘ 4 . Aq. f 21iSl5 Cals. 
Tlie heat of solution of the crystals is : 


i KoPlllr,! f Aq. — KoPtllr,,. Aq. — lO-fi Cals. 

Platinic Bromide, Platinum Tetrabromide, PtBr.».- This salt is 
obtained *r)y maintaining broimplntinie acid at 180“ C. in air.^ The 
product is not puns foi* ^'veu at this lemperature it undergoes partial 
dissoeijition into the dibromide ^ ; 


PtBi^^Ptlka + Br^. 

As obtained in this way, platinic bromide is a dark powder, slightly 
sohiblc in water to a reddish brown solution whi{!h contains dihy- 
(lroxy-tetrabrom-platini<; acid, Il 2 PtBr 4 (OII) 2 . It is fairly soluble in a 
mixture of alcohol and waiter, and very soluble both in alcohol and in 
cihor. On warming, however, these latter solutions become recbiccd, 
vieldiug a depos’t of platinum black. Its solution in a(picous hydrogen 
)romiilo .eontai is brom- platinic acid. 

The; salt has not as yet been obtained in a perfectly pure condition, 
Its*^ heat of hirmal ion is given by Pigeon ® : 

I Ptl + 2111-2 - [Ptim -f 42-4 Cals. 

[Ptl 2(Br2) =.f PtBr 4 |^+ 5C-8 Cals. 

Brdm>plati.iic Acid, HjPtBr^, was first obtained by Balard in a 
more or less pure condition by acting on platinum with a mixture of 
ridtric and hydrobromic acids. 

' A more satislactory method consists in dissolving platinum s|)onge 
Idn hydrolwomic acid saturated with bromine. This may be effected in 
sealed glass tpbe at 180“ C.I but that is not necessary. If the platinum 
Sponge is simply boiled for a short time with an excess of bromine anc? 
^liydrobromic acid in a flask with a reflux cowdehser, the whole 
^ dissolved,® ‘yieying absolution of brom-platipic acid. 

' n'ilmmm and Anderson. 5<r., I003.i 36 , 1566. 

* Thomson, J, prakt. Vheni.^ 1S77, [ii], 15, 295. 

* Thomsen, h)f. cit., p, 436. * ^ 

* y , Moyer and Zublin, 1880, 13 , 404 } Halfio.rstadt, Bcr., 1884, 17 , 2962. 

* Guthier and Blumor, ZfiUcii, anurg. Chen,^ 1913, 81, 381. 

* Vi^oon, Ann, Chim, Phffn,, 1894. 2,M33. 

' Balanl. -Iww. CKim. Phy\, 1826. {iij, 32, 337. 

* J?MlUn*?eri Tmn^, Chtm, 5<»<;.,T89l, 59i 598, 



prtj^rcd pure brom-plitfcile aei’d by rep« mcaiy cvapow! 
Ipg^^he pur^ ehlorid<? with ooncentrnted hydrobroiuitf tv^id on the watfet 
bath and then treat it similarly three or |’<'nr times with hydrg 
bromi^ acid coutainin^r bromine. The residit* . on tn'ing taken up witi 
dflule hydrobromie aeiil, yields a deep earmine-red sc>l)^fion. 

, Krom-plalinie aeid er\ st. all isos in red, monoeiinie j)risnis, containiii) 

0 inolwulc s »)f water, thus :* ITolMllr^j.on/). The i‘rystals are dd^ 
quescent and readHy sqJuble in water, alcohol.* ancl ether. WlfPi 
heated in air to ISt)'* tTiey me lt, water and hydrogen l)romi<l(' beiiq 
evolved, platiiiic bromide constituting the ivsidne. 

The heat of formation is as follows - : 

[Pt] 4- 2Hri. -f 2IIIir. Aq. — ILPlllr5..\q. 'f <50*7 Cals. 

Brom-platinie acid possesses a strongly aeid character, (hromposin^ 
cafbonates and uniting whth bases generally, to f<»rm salts known as : 

Bnmi -jdatinales, M 2 P t Br q. 

These salts are isomor|)hons with the cddor-platinntes alreadv 
described, and uhieli they resemble in their general chemical reactions 
Tine alkali salts are best known, and arc readily prc]>ared by^addiiior 
of^a solution of the alkali bron^dc to one of brom-platinie avid, iiial 
crysballising the preei[)itated Cinn])lcx from dilute hydrobromie acid.'* 

'I’he solubilities of the alkali brom-plati nates in water and dilute 
hydrobromie acid decrease with increasing atomic w( ight of the ai!,aii 
metal. The solutions ol)tained arc red in colour, l>ul -turn yellow on 
tlilulion witli water. Hydrazine hydrate decomposes them witli case, 
metallic platinum being deposited and nitrogen cvolvc(*l. 

Numerous brom-j)latiiuites of orgfi^ue bcv^s have been prepared and 
described,'* but to d(‘al with these is be>ond the scope of this work. 
The more inq)ortant inorganic broin-platinates are as follow : 

Ammonium Brom-platinate, (Nil 4)2PtBrQ, ciystallisifN in eubi(‘ oeta- 
hedra, which arc dark brown in ecdour'* and is(>inorj>hous >vitli the 
?orrespoiuling pota-ssium salt. * * 

When heati^d, ammonium brom-platinate decomposes, partly uci’oFd* 
iiig to the equation * 

8(NIl4)2PtBre =- m + KrMBr f ^NII.Br 4. 

ind pavtly 

(NlI^^aPtBre Pt + 2Nii4i5r -] 

By thorough drving*of the salt,, however, the qualil>ty of bromine 
liberated is reduced#'' 

The density of the salt is 4*2(15 J It tiissolvcs in water to a d(^</p 
>range-rcd solution, which, when saturaterl ed 20° C,* contetus 0*5P 
rrams of (NU4)jiPtBrf per 100 gratns of sohition.® 

* Guthierand his co-worW rs, Chem. Zenir,^ 19^4, J, 1102. 

• Vigeon; Jwn. Cfiim. Phy».^ 1894, {viil, 2, 433,, 

1 • Gutbier and his co-wor&brs, Chem, ZenlT.t 1914, 1162. 

'4 Gutbier his ^(^Uaboratore, J. Chem., 1913, {lij. 88. 499 ; Jicr., 1910, 43, 
t22S. * 

In • Gutbier, Krauss, and L, von MrtUcr, dhtm. Zfntr., 1914 1, 1 162. 

RSy and Ghosh, Zeit^ch. anorgrth^m,, 1909, 64, 184. 

Archibald, Pijpc. Roy. Soc. Edin., 1909, 29, 72^ 

^^jUj^rstadt, Bt ., 1884. 17, 2062. . 



J ■ ^ CkAxan B^om-platinate, Csr^PtBrg, crystallises in reddish ]^’elk>w 
octalifilni.^ ^ \ o ' ^ 

« Potassium Brom-plptiiMte, KgPtRrg, results as dark l)rbwn octa* 
hcdra, from which 'it is dilTicult to remove all traces of water.^ The 
crystals arc rftjt vciy soluble, a solution salivated .at the ordinary 
temperature containing 2-02 per cent, of its weight of the salt.^ At 
C. the salt dissolves in 10 times its <vcight of water. The density 
oh the crystals is 

The heat of'forniMtion is^: 


lini 2(Hr,) 4 2Kl?r.A(|. - K^PtHro.Aq. -f- Cals. 

Tlie heat of solution is ; 

I KJHBrol + Aq. - KgPtBrg.Aq. - 12 2 Cals. 

Rubidium Brom-platinate, RboPtllrg, yields reddish yellow oCta- 
hedra. 'fhe salt retains traces of moisture most obstinately.^ 

Sodium Brom-platinate, Na^PlBr 5.61120, yields deep red, trielinic 
prisms, isonior])hous with tliose of sodium elilor-platinatc hexahydrate. 
The salt is readily soluble in water, stable in air, and has a density 
of 

o 

Brom-])lati nates ® of : 

Harium, BaPtBrQ.lOlT^O ; 

Cnlclim, (ViPtllrfl.CiTIaO; 

Cobalt, CoPtBrg. Viir./); 

Copper, CuPtBry.8lLO ; 

Lead, PhPtBr^ ; 

Magaesiwn, MgPtBr5.12lT.>0 ; 

Manganese, MnPtBV5.12lI‘0 ; 

Nickel, NiPtBrg.on.p; 

Silver, i^ggPlBr^ ; 

Stroniipm, SrPtBrQ. lOlLO ; and 

/^//c.^yaiPtBrg.Vill^O, have been doseribed. 

' Tetrabiom^dihydroxy-'platiiiic Aci^, ll2PtBr4(OII)2. — Platinum 
tetrabromide is only slightly soluble in water, yielding a reddish 
brown .solulioi^ containing tlie dihydrqxy acid. With silver nitrate 
the acid solution yieldi, a dark brown '"precipitate of the siivet^ salt,’ 

In an analogous manner salts of lead, PbPtBr4(OII)2.Pb(OH)3; 
thallium, Tl.>Pt)ir4(OH)2; and mercury, IIgl'tBr4(OII)2, have been 
pre^iarcdj whilat electric conductivity measurements indicate that the 
•odium salt, Na2ptBr4(QII)2, can exist in solution. ' 

^ Gutbior, F. Krauaa, and L. von MUller, Chtm, Zenir,, 1014, 1, 1102 . 

» HaU>rrstttdt. iter., 1884, 17 , 2002. - ' 

* Arohiba? 1, Proc. Soc» kdin., 1900, 29 , .721 ; Boedoker v JaArcafter., 1860, p. 16) 

gives 4*08. - 

* Tjhomijon, J. prali, Chtm., 1877, fii], 15 , 436. 

**HonscWff, Pooy. AnnaUn, 1830, 19 , 344 ; 1837, 33 , id. 

* lUmsdoriT, 18*20, 17 , 247; I8*20„x8, 331 ; 1830, 15 , 337 ; 1837, 33 , 6 li 

Topsoc an I Christiansen, .4nK, Chitn, Phys,, 1874, fv],'l, 41. 

^ Miolati and Belliicci, ZeifscA. anorg, Chtm., uioi, 26, 222. 
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PLATINUM AND IODINE 

riatuious iodide, Platinum Di-iodide, PtI;' n.... 

wgrmin<;f a solution of j)otassium ioilide \Mth ]»'aH^u)Us uJilorido,^ The 
method is not altogether satisfactory because of the dillic^ilt) of deciding 
>vhen the rcaetion is eoiupUAe. If the heating is too pri>louged the 
platinous iodide •is jcoiiverted into the platinic jjalt, Pt i j. anti 
])latinunu the former of tl-hieh pa>s<‘s into solution, wjiilsl tlie latter 
contaminates the de]>osited di-iodide. On the other hand, il the 
reaction is not carried to completion tlu* product is nnxed ^^ith 
iinattacked cfiehloride. ... * 

As prepared by the foregoing method, Iiowevtr, platinum di-iodide 
is obtained as a black, insoluble powder, stable in air. It is slowly 
soluble ii^ hydriodic acid, but the solution undergoes decomposition into 
the tetra-iodide and metallie platinum. VVluai liealed to ai)out HOO ’ or 
850° C\ it dissociates into its components. 

Platinic Iodide, Platinum Tetra-iodide, Ptii, is readily prepared in ii 
variety of ways. It is deposit(‘<l on addition of hydriodic aeid,“ or of 
sodium (or potassium) iodide to a warm solution (►f ehlor-platinic 
acid, and allowing to stand at the ordinary temperature. Thc^solution 
bc(;|)incs turlud and linally dc|M»slls crystals of iodide. 

The salt may also hv, oblamcti by direct niiion of the comjxments, 
as, for cxainjjle, by iK’ating finely divided jdalimun and iodine, in s<'al(‘<l 
tubes.'* It results when iodo-plaiinic acid is beatid ;<> 100° ('., .u •! 
when ])latinum s])onge is dissolved in a solution of ioijfne in a-jiieous 
hydriodic acid. The dark red solution is evaporated to/lryness, raised 
to 180° C., and washed with boiling water.*^ 

Platinic iodide is a blackish briiwn, a‘«or])lious ))()wder, which 
evolves iodine va])our when placed in vacw> even at ordinary tempera- 
tures.® When warmed to 180° C. in air. iodine is evoKa'd.*^ 

The heat of formation of platinic iodide solution is gt\ eu as : 

!Pt| f ‘i|I,| -|Ptl 4 l i 17-U’als. • 

^ |Pt) +2(L)-|PtI,J -I- 8 K) Cals. 

• Althoijgh insoluble in water, •pkitiujj‘ iodich' (ussolves iu aiccaio]. 
Its molocmar conductivity in /thyl jjcohol at 25’ C. Jucre;»‘.(?s witli 
dilutiofi until the eoneentratioii has* b.een redueert to 0-25 ‘iram moleeult.^ 
in OOtflitres, when it becomes constant.’ 

lodo-platiiiic Acid, Il.Ptlfl.OlIgO. -Thi.smcid c.vists iii solution wheiw 
platinum tetra-iodide is cissolvcd in a<pieous hydri< .die ae.i^. I ^pon c oii- 
centration it scparati^ : out in reddish black, inonocli,.ic sta!^. 4 hese 
arc easily soluble in water; thy debt pi wsce .upon cx|>osurc to ,iii\ 
whilst in vacuo they lose hydrogen iodide. When healrxl to 100" if 
plutinuni tetra-iodide is obtained.* 

The aqueous .stlurioii is unstable, a deposit^ of the t^aradodidc 

^.Baasaigitc, Ann. Chim. htjf, 1^32, [iy, 51 , iJJt; Topsoe, Jahreder., 388, 

Topsoe, Jahraib>>.r., I870,n». 38S. • 

» I^rfissaigno. dnrt. ChJm. Phys., 1S32, (ii], 51 , 1 13 ; Archibdd raid Putnek, J. Amcr, 
CMm. Soc,, I9lz, 34 , 3^9. 
i « Clonienti, Nttovo Cimento, 1^2. 

• Pulltngcr, TranA. Chem. Soc., ISC^ 59f 598. 

• Pigeon, Ann. Chim. Phya., 1894, fvii], 2, 433. ^ 

• A^hibald and Patrick, J. Amer. Chem. SifC., 1912, 34, 369. 



IBMg obtaincd|on proloitgcd sij^ding, particularljr ^ith 


sunliglti* 

llexa-iodo-plalinaie^^y IMaPtI g 

r • 

lodo-platimc acici unites with bases to form salts of general fdrmuta 
MaPtla- Those of the alkali metals are mostly anhydrous and isomfSr- 
phous with the corresponding chlor-platinates and brora-platinates. 

The iodo- plat i nates of zinc, magnesium, etc., crystallise with^ 9 
molecules of water, and form an isomorphou^s scries of their own. 

The iodo-pliltinates may be pre{)ared by dissolving cither platinum 
telra iodide or chlor-platiipc acid in aqueous solutions of the iodides of 
the metals; and by neutralisation of the hydroxides of tlic metals with 
KKloq)latinie acid. 


The Alkali lodo-platlnates, MgPtlg 


Ammonium lodo'-platinate, (NIl 4 ) 2 PtIg, crystallises in cubo-o^^ta- 
hedra having a black colour and a metallic lustre. The solution is 
unstable, a deposit of platinum tetra-iodide being obtained on standing.^ 
Potassium lodo-platinate, K^Ptlg, crystallises in black eul)es having 
a metallic lustre. It readily dissolves in water, yielding a wine-red 
solution. When dilute, the solution is not stable, a deposit of [)latinum 
tetra-iodide being obtained on prolonged standing.^ 

Sodium lodo-platinate, NajPtTg.ftllaO, crystallises in greyish bjue, 
delitpicscent needles ^ belonging to the monoelinie system.'* 


lodo-plaiinutes of Divalent Metalii, UPtlg.tclIaO 

The iodo-platinaics of the following metals have been prepared : 

Barium^ BaPtl^j.ajIIjO ; 

Calduni* CaPtI„.l 2 lLO ; 

Iron (ferrous),* FcPtIg.OlIaO ; 

Magnesium,^ MgPtlg.DlI./) ; 

^MangdMesey^ MnPtl^.OJI.,!) ; 

Nicktl* KxPtl^.mjO ; and 
Zn Pile. 

Tetra*-iodo«»dihydroxy«pla^c Acid, tI.^Ptl 4 (Oli).^, has been obtained 
by Bellueei^ in solution as the ^tfsult of allowing platinum tetra-iodide. 
to remain in contaet V/ith 95 per cent*, alcohol. The bro\\4i !^>lution 
obtainqfl has an aieid reaction, and decomposes carbonates. 

By addition of concentrated aqueous solutions of soluble salts of, 
silver, lead, thallium, and mercury, the follo^ving insoluble salts have 
been obtained . .Ag^Ptl4(On)2 ; PbPtl4(OII)2.Pb(On), ; Tl2Ptl4(OIl)a ; 
and IlgPtl4(Olf)2. , ^ ^ 

Platinum Chlor-iodide, PtClg^at is described ® as yielding briek-recl^: 
deliquescent prisms when platinun\ is dissolved ivi a(pia regia in 
presence qf iodine. * ^ 

Mixed Halogen Platinateit.havc been pr€;.pared, such as, for exami 4 i^ 

'Seo'Yopsoe, Jahresber,, 1879, p. 388; Ualberatadt, ., 1884, 17 , 2962, 

* T^iassaigne, Ann. Chivi. Phys., 1832, [ii], 52 , 113 ; Topsoc, lot. cit. ; Mather, 

to*., 1834, 27 , 257. ■ • V 

* i4tw. Ckim. Phys., 1832, [iij, SI, 113. 

* Topswi^, JfthKfsber,, 1870, p, 388. . I'- 

* U'>Uuccu ihitzeita, lOn.3. 33 , 147 ; Atti R. Accad. Lined, 1002, [v], iXy i, 8 , 

* 1808, 148, 329 . 



plDiSfahqum ictrachlor - dibrom - plaiin^fy, KuPtCl^Brj, \^iicn rcsuiw^ la^ 
acMing Do^ssiiim hroniide to an aqueous solution cir^/ 7 rtraehloi^)laitnibj 
aoid.' It yields octahedral crystals. . ^ ^ 

"llie rctnaining nicinbers of the strit nanuly, KoPtd^Hr; 
'K2piCl3Br3 ; K jHClj!Rr.j ; and K2PiCllh*5 ; alM^ln en prepaivd. 


PLATINUM AM) OXV(;K^i 


Platinous Oxide, Platinum Monoxide, PlO, is produe» d « lu the 
anhydrous couditioiiin the form of sujxTlieivjl hlai kt uin;^^ wIk i- pl.itiuuin, 
either in the form of sponge or of thin teh, is lieal^'i iu dry o.\yg<Mi at 
about -150 ■ the product containing as much as tJt per c i iit. of oxide. 

It dissolves in liydroelilorie acid conlaining a trace of platinous 
cj^loridc, yielding this latter salt. 

AVhen heated, platinous o.xidc decomposes, yiehling luelallie platinum 
and its dioxide.^ 

Hydrated Platinum Monoxide, Pt 0.2 It. p, is obtaiiad in a moirot 

less impure eoudition bv tlu* a<ldition oj warm potassium hydn^xide. 
sfilutinii to i^laliuous ehloride.'* d'lu* pun* hydrated oxide, howe\er, 
niav b(‘ obtained ’ by boiling a solution of potassium eblm'-nlal inito 
\yth tlie ealeulated amount if)f s«>(liiun hydroxidi' solufion d lu* 
hydrated oxide separates out as a dark preeipiiat(% whieh is n adily 
oxidised by exposure to air. so that it is uceessary to wash aiul dry it 
iu an atmosphere of carbon dioxide. It retains its eombined " ♦ 
very tenaciously, and cannot be eom[>letely dehydrab* ? wittio it partial 
decomposition. . 

Tlic freshly ]jreej|)ilated oxide is soluble in conAntraled liydnK 
chloric aeid and in sulphurous at id.* Uoneevlmled nitric and sul}diunc 
acids also effcel its solution, but tlio dilute acids arc jiraetieally without 
actidli. After drying in an exsieealor, however, h>ilraled platinum 
monoxide is insoluble iu coiioentrated su 1 [)huric or# nitric aeid. It 
dissolves,* however, in eoueeutrated Jiydroehloric aeul. ^ 

The hvdrated oxide possesses oxidising | owers, ai’seniftus ae^d b(*ing 
oxidised to arsenic aeid, hydrogen iodide tc. iodine, whilst tiydrogiai%rits 
raises the oxide to iiieandesci^w e, water being formed. 

The ifxide is capable also of efu-etipg ^‘i lain n*duct ions, hydrogen |ht- 
oxid^ bi%ng r(‘dueed to waterTand a^<lnJaied ^uotassinfn jx riuanganalcs 
to manganese dioxide, platinum didxide l^ung sirnuJlan^aisly formed. 

Triplatinum Tetr«xide, Pt/)^. An oxyle eorrespo:, ing in^ nipiricid 

composition to Pt^O^ ^was deserihed by Jorgt nsen,« I ut ajipears^ fp. 
have been a niixtinc of monoxide and dioxide liiyheyi' n a separate. 


chemical ent ity . • a % , ^ , i • » » 

Hydrated Platinum Sesquioxi*, Vi. 0.^,. 711,0 may he obtamc^, 
by decomposing tricliloridc, PU ly, with .i hot solution of soditlm 

‘ » Pitkin, 188<>, 13, IHOO ; Miylrtti, Zcitsch.nnurg, Chan.^ 1S07, ‘S6T, 

‘ Wohltf, Bfr., 1003, 3 ^^ 34£5. - 

W5hl5 and Frey, ZMi, KUktrofham., I9<p, 15 , 

H * Doebereinor, Po^jg, Antfdeiif 1833,28, 181 ; Lieljig, xbid,^ Is^ .i, xy^ 101 , 

Jnn. Chini. 1 W, liil. 5, 204 ; .sv/mt 7i *>0. 

» Wohler, Zeilveh. anorg. Clerx., 11H)4, 40 , 423. 

♦ Jorgensen, t/. CAcw., i877, fiij, x6, ^5. , ,, , , . . 

7. WdUler and Martin, Bcr., 1909,*4», Tho ^ a dej-nilbed by early wn!^ 

^tinum aesquioxidc were probably raUturoa of^lhe ciio%de andjnonoxidc^Wdhk^ 
Kffiory. Chan , 1904, 40 , 423)^^ 



ANIf ELBMJaJTS OB TTJLmStM'ppt^^ 

^rbonate ; it aro results bn aci<^ifying with acetic acid a ^lutieft cr 
the tricfi'lj^ride in\)oiassiurn hydroxide solution. ^ 

^ Hydrated platinujn s^esquioxidc is a brown substance, insoluble jr 
water, but soluble both in concentrated sulphuric acid and in C£Aisti< 
alkali sol u lions. '> Whcfti dehydrated in vacuo, it r decomposes, so thal 
the anhydrous scs(juioxide has not been obtained. 

Hydrated Platinum Dioxide^ Pt02..rITO, is obtained ^ by boiliiij^ 
plannuin tetrad iloridd with an excess of twice pormai sotliuin hydroxide 
solution, and then neutralising with acetic add. The precipitate 
obtained when the foregoing reactions are carried out in dilute solution, 
and when the acetic acid is abided in the cold, consists of a white deposit 
o('tetrahy(lmte,Vt02-^llfi. This hydrate is acidic in character, and is 
probably more correctly represented by the formula If 2 Pt(OIl)g, and 
‘IS described in further detail under the name of hcxahydroxy-platinic 
acid (see below). It readily loses water, becoming yellow on drying 
in cotiscipicncc of partial dehydration. When boiled with water the 
precipitated tetrahydratc becomes ochre-coloured, being transformed 
into the trihfjdrale, PtO.^. ♦'11120. Upon prolonged exposure to sulphuric 
acid in a desiccator further dehydration ensues, the yellowish brown 
ilihijilrale, PtOg. ‘21120, being produced. When maintained for some 
time at C. the mass becomes black and resembles coal in appear- 
ance, but yields upon pulverisation a dark brown powder. This is 
the moHohjfdrate, PtOg.lLO, which clings tenaciously to its combined 
water. It is soluble with difficulty in hydrochloric acad, although, 
when a portion, of the oxide has passed into solution, the remainder 
dissolves more rapidly on gentle shaking. 

On saturating a solution of chlor-platinic acid with hexabydroxy- 
platiiuc acid and dialysing, a product is formed which coagulates on 
warming, and has a cbmposition represented by the formula 
(PtO.,) 5 .‘ 2 lUff .01120. Boiling water converts it into metaplatinic acid, 
(Pt0:),.51L0.V. - 

When aquc(yiis solutions of organic acids are boiled with the dioxide, 
reduct ion^takcs place, metallic platinum being deposited, and the acids 
oxidised. Hydrogen peroxide solution slowly reduces the dioxide. 

Platinum' dioxitle, upon ignition, dcopmj>oscs, evolving oxygen, a 
residue of metallic platinum jx-ing obtained together with a solid 
solution of eithev the monoxide or. the sesquioxide in the dioxide. ^ 
Hexahydro9ry«'pl|eitinic Acid, Hglvt^OII)^, or Pt02.4ll20, is obtained 
as a wbbe preeijntate on neutralising with acetic acid in the cdld a 
\>'ell-diluted solution of platinum tetrachloride wiiich has bccu boiled 
witli excess of cat.stic soda. 

When freshly '^^)rcpared it is readily soluble in dilute acids or alkalies. 
On drying it undergoes slight dehydration, becoming yellowish in colour.' 
:/ On dissolving in dilute caustic alkalies it yields salts of the type 
M 2 Pt(OII)c. The sodium and jK>tass’uin salts of, this jicid have been 
i)rcparcd,* md that tliypse salts correspond to the foregoing formula and 

* Wohler, Zeiisch. (tJiorg. Chem., 10(4, 40 , ; Bellueci, ibid., 1905, 44 , lu 8 . Uiikws 

tho pfecautioiw cnunciatctl by thoavi authors are taken, the ] roduct is contaminated with 
ilkali. The oxide ohlajiu'd hy <Nirly workenj was impure. See Berzelius, Syiiu eiggryji J., 
1813, 7 , 53 H Doebereuier, Pogg. Annahfi, 1833,* 28 , 181 ; innahn, 1830, ij, 07 ; Topsoc. , 
^er., 1870, 3 , 402. 

* Blondel, Ann. Chint. Ph/e,,. 1905, [viii], 6 , 81.; 

* Wohler and Frey, Zei^sek. Kkklrochem., 1909, 15 , 129. 

* Hclluoci, Atii^i , Accad. Jahcci, X90Z, [v], 12 , u, 035. 



ITS 

s»nij)ly hydrates of tlie ty|)e hTostaonstiecfi npt^ 

oirty l.v*tftcir bciiijnr stable at 100^" V\, baf by tiicir (fonr 

a<fjcou!s silver acetate soFution the salt AtralH(01I)„, x^bieli is idso stable 
at 100" ('. In a similar manner lluillium lu xahydroxy-platinatcv 
TI^Pt(01I)g, may be thrown out of solution. , . • 

Still further evidence in favour of the eorreetih ss^of the fore^^oing 
'arinula is afforded by the interesting isonna-pliism existing belwecuJ 
potassium plali:iat^‘ and tlie stannaie and plumbyte of the same mytaT!3 
This is evident from tlu vrvslallograjdiic mensiirenu nts detailed belowA 
The salts erys!alli>e aoennling to the rhombohedral syslem. 

KJ0(()Il)rt a:r - I : l*0!r>‘^ y. <;:t' il' 

K>b(()ll)^ u : e I : l O.il 1- a >0 to lMJ" 

K1Sji(OII),j u : e - I : MtlSS a 70 0' 

Eleclrie eoiuluctivit y measurements iiidieate that |)o1assium plati- 
niltc undergoes normal <hsv.oeiation in dihile aejneons solution like 
other sails of dibasie aeids. It is not liydro)ys(d by water at -5 ' 

The sodium salt. NaoIHfOIl)^, after standing for several days 
becomes gelatinous <nving to tln‘ se])aration of NaJ).(lM().j3.0llJj, 
which, upon prolonged dialysis, yields Na.X).(l*l()o).,.idl/).'-^ 

When inixed with excess of dilute hydrochloric* acid, Iiexahydros y- 
platinic acid dissolves, vieldi»‘g dielilor tetrahydroxv-platmi • acid, 
li,PKl,{()ri),. 

"Platinum Trioxide, PtO^, has been obtained^ by cleetrolysini^ a, 
well-e()<»l(’d solution of hydrated platinum dioxide in '-Normal joias- 
sinm hydroxide, using platinum electrodes. J'he unode beeumes 
covered with an amorphous, golden-eolonred lilni oftK'lassUim plalinate, 
iiaving the eom|)ositi()n KgO.PtO;, or K^PKl^. 'rins, by trealment 
with ice-cold, dilute acetic acid, yields thc_^frec trioxidcr as a, reddish 
brown substance, which gradnally loses owgen, but never becomes thc^ 
j)urc^lioxi(le on simply keeping in air, probably because a. solid solution 
of trioxide in the dioxide is formed. • 

Platimim trioxidc is not aetid ujK>n by dilute . nip inrie, nitric?, or 
acetic acid. Dilute Iiydroeliloric acid disM)lvcs it \vil h* evolul ion ol 
chlorine, whilst sulphurous acid converts it jntu comple x solphiti's. 

CdncTulrated hydrcx’hlori# acid rapidly clissolv s t)a* t riuxide* with 
violent ^iloriiie evolutioii, whiTst eonti’cnt rated sulj>lnjric and nitric 
acids slo’^vly convert it into Lift: dioxicic in the warm. * 

When gently warmed oxygen is evolved, a ijjjsiditc of pf 'inum 
dioxide bring obtaiiu'd. • ^ 

A reniarkablc feature* cd the Irioxidc is The fad that il 'lot, rcduccai 
by hydrogen peroxido, and Wcjhlca* t}K‘rcforc regards it,* 'oc ns r peroxide, 
but as the aiihydruk of platinic acid, in which the [>laJnum I.s rcgairdcd ^ 
as hexavalcnt, tlius : - 

M) 

is s^iggested tharihc anodic passirity of platimirri is attributable 
to the fonnatioii of a si*rfacc film of this* oxide*. 

* Made b>*Zambtf|ini. Bellncci*and Parravaiio, Atli Ik AcrmL Linni laaA 
>3» J4» n 

^ Biiluccf, Zcitsch. anorg, 44, 168. 

. * Blondcl. Ann. Chxm. Phy9., 190^, 6, 81. 

Jj. Wohler aiiU F. Martin, Ber., 1909, 42,a326f 
: I 

Uf.: 



f LA^'INUM AND SULWiUR 

Platinous Sulphide, Platinum Monosulphide, PtS, was obtained by 
w by of p|^nliuuin sponge and sulphur in a closed tube. The 

)diict was a l^aek, refractory mass.* 

Iloosslcr 2 obtained tlic sulphide by hoijiting finely divided platinuiv 
sulphur iinder layer of borax. On extriictinjp with hot water r 
rk, heavy powder remains. 

Other met hods consist in heating to white heat a mixture of platinum 
d pyrites under l)Drax, a (eystallinc product being thereby obtained ® ; 

^ heating in a closed crucible a mixture of ammonium chlor-platinatc 
1(1 sul phur ^ ; and, linally, by the ignit ion of the oxysulphide, PtOS . Aq.^ 
le product is a grcyisli black, insoluble substance, not attacked by 
ids or alkalies, and almost insoIu!)le in atjua regia. When heated in 
current of hydrogen it is remlily reduced to the metal. 

At high t(‘mperaluiT-s the sulphide ajiparenily dissociates, leaving a 
■sidue of metallic ])latimmi. 

When hydrogen sulphide is passed into an acpieous solution of an 
Ikali ehlor-plalinite, a black precipitate of the monosulphidc is 
btaiued.j. 

Platinum Sesquisulphide) Pt^Sg, iS' staled to result on oxidising— 
y exposure to air - thioplatinic acid, ll^Pt^Sg, obtained by the action 
I (lihite hydrochloric acid upon potassium tluoj)lalinate. Upon 
lesicention at 1‘20'' C. it Is (ionverted into a gr(^y ]K)wder, (►! density 5-52. 
t isucadily reduced on warming in hydrogen, and when ignited in air the 
lulplmr burns, lyaving a residue of metallic plaliimm. Mineral acids do 
U)t atia(rk the sulphidt', and even aqua rc’gia reacts but slowly upon it. 

Platinic Sulphide, Platinum Df sulphide, PtS^j, is obtained as a dark 
precipitate on |»assiug hydrogen snl[)hidc into an iKpirous solution of 
platinum tclraeliloriclc. It, is necessary to effect the prccipUalion at 
about 1)0'’ C., (Sberwise colouivd preei[)itat('S arc obtained consisting 
most pr(\bab|Y'^>f tl\io])latinic acids.’ 

Platinic sulphide also results on healing clilor-j>laiinic acid, dc- 
eoforised bydreatmont with sulphur dioxide, to 200^^ C. in .scaled lubes.® 
(Ibtained by eillu'r of these metlu)^]s,T[)latinum disul})hld(: is a black 
deposit which readily oxidife , in air, yielding an o\milj)hidc, 
PiOS.^rlliO, and must Uiercforc'he driecT in an atmosphere oOan inert 
gas. If ^ strongly heated iu> the fast named it dissociates, platinum 
Vionosulpliidc resulting; bi\t when ignited in air, it burns, leaving u 
residue of metallic platinum. Acids attack it with diniciilty, and it is 
relatively insoIeyMe in alkali sulphides. 

A Polysulphide, of formula PtSi5(N 114)2. 211.^0, described® as 
'resulting on addition of ammonium polysulphide to elilor-idatinic 
%cid. It yicldsdarge, red, rhombic crystals whicli, wl^en dry, arc stable.,' 

J Dnvyy PhiL Mag,, 1812, 40, ^27, 209, 350. ’ 

‘ Roe.ssU'r, ZtiMl anottj. Ckm., 180.>, 9^ 31. 

" Dl^villo apd Vokray. Cow/>l. re7id., IRjO, 89, 597. 

* Vauquelin, .‘Inn. Ckitn. Phyn., 1817, {i], $, 2C0. 

‘ Rottger, J, prakl, Chem,; 1834, li], 7, 274, 

® Schneider, Pogg, AnmUn, 1869, X3§, 004. 

’ Antony and huochesi, 1806, 26, 211. 

* QoittK^r, Aiimkn, 1804, tap, ;>58. 

A. HMmann and HOfdxtlen, ilcr., 1903, 36, 3090.'" 


Tmo-p^rnmte/f 

The tvvo sulphides of platiutini unite with suipiuK's oi^uie aiKiiil 
nietjiis to yield complex substances known , Ihid-platinates. Th^< 
Avere studied mainly by Sclmeider,* who divided Ihi nijnto two ^u'oups^^ 
represented rcsp:cti\cly by the general rormuh^^ 

Group I. . arts . rtS^ or 

Potassium Thio«'placinate, K^Pt ^Sg, is a crystalline powdrr oh.tainccl 
by heating together platinum sponge and sl\ time's its weight of at! 
mixture of equal parts of sulphur and potassium e nhenate. Dt nsil/ 
ii U at 15^ C. ■ 

The Sodium salt, Na^Pt^Sg, has also been doserihed. 

Group II.- 2M,S.2PtS.PtS. or M ,Pt.,Sg 

The Sodium salt, NajJH^Sg. is described* as resulting on fusing a 
mixlure of platinum sponge with twelve times its weight of an e<|ual 
mixture of sodium cjirlxuiate and sul])liur. It yields red co])per-' 
coloured needles whieh are iinstabJe in air. When boiled with water 
they doeoniy)ose, leaving an insoluble residue of NiuPt,^^Sg. ' 

Alkali Thio-stanno««platinates have also been deserilx d.^ 

Platinum Oxysulphide, Pt()S..rll 2 (), is obtained by allowing th h- 
sulphi(l<' in the wet condition to oxidise by exposure n air at about 70® 
to 100" C. with fre<|uent stirring. The product is washed free frouj sul* 
jiliurie acid, and dried at 100 ' C.,- when it rt'sultsas a !)iaelv powdiT. It: 
is a powerlul oxidiser, effecting the oxidation of hydrogen, hydrogi n sul- 
phide and of sulphur dioxide in the cold. Verrous salts are oxidised by 
it, (m warming, to the ferric conditi >n, and oxalic aeitl to earhon dioxide. 

Platinum Sulphite. — When sulpliur dio.Jde is ])ass(^l into an acyuwjus 
suspension of hydrated platinuni dioxide, a C(»lonrhss solution is 
obtained, from w'hicli, however, it does not seem possible to obtain iha' 
sulphite in a del ini te forrn,^ 

Numerous double sulphites and double ehlor-julphites of pljjptinum 
and the^ alkali metals have, ho^vcver, .been describeii.^ Ju)r ileloiJs 
thcs(‘ th^ reader is referred W the aV jompanying rcfeivnees. 

Platinic Sulphate, Platinum Dkulphate, Pi(SO^. i dalinum sponge 
dissolves in concentrated sulphuric acief at aboiK *; (> and thc> 

solution a.ssumcs a yellow colour in c(>h.scqucn(!c of the .solution 
platinum disulpliate, rt(S 04 ) 2 .^ 

The tetrahydnUf, Pt(S04)2. 41120, is deposited freui .,uiu»ion wnen 
on alternating current is passed tlyrough platinum < Icctrodes itnmersej 
in sulphuric acid of density I’HK). On repeated rccr}'^>t alii sat ion 

r * Schneider, Pogg. AmtaUn, 1809, xjl5, 105; 1869, 138, 001 ; J, }>rakt. I 187^^ 
|ii], 8 , 29; tSOd, fii], 48, 411. t K. vnn M«\ver, J^jfrnkt. (Jhtm., 1877 , |iil, 15, i. y" 

; ^ Sco kitten and SduiJ^le.iWnn, AnnaUn, i812, 42, IMO; ./, i>raLt. Ofi€mi% 

it liOl, [ij, 83, 415; SchottUnder, Anmilin, 180CH 140, 200; Hindmum, 

>39, Hi4 ; I860, 152, 137 { *“l87J, 159, 116. ^ 

, * See Liehig, An»flen, 1837, 23, 23 ; •Lang. ./. praU. ('hou.y ^sQl, [ij, 83, 415 ; Ihrjiri! 

' ti»»uoi, Annakn, 1866, 139, ItH; 'W, i^, 137; 1871, 159, 110, 

^ • Delaine, Conipt. rend., 1905, 141 ^ W13. 
f Stuchlik, Bcr*, l^K)^, 37, 29134 kfargulcs, Ifiesdf. Anrinkn, f898, 65, 629; 18|9^ 



tie salt is obtained in the form of large, orange leagpts, 
These a<^ very sftble so long as they eontain a trace of frea^ifipnuric 
acid ; bat when quire pure they lose ’water ifpon prolonged tixposure 
in fi desiccator, yielding the anhydrous salt in the form of pretty cry^staHs, 
exhibiting a gretn nie^illic reflex. ^ ^ 

lloth salts ar# soluble in water, the hydrated one yielding a yellow* 
.solution wli^eli deposits a })rown basic salt ^n wanning. 

Basic Sulphates.- ~JIyd rated platinum dioxide dissolves slowly in 
50 per cent, sulpliurie arid, and from tlic sdution a basic sulphate, 
PtOg.SOj. in/) or rt(01I)4.1LS04.H/), separates out in orange- 
yellow inieroseo})ic needles on addition of excess of acid in the cold. 
The salt is hydrolysed by water. Heated to 100"' C. three molecules of 
wat(T are lost, the residue having the coin[)osition PtOo. 112^^04 or 
Il2Pt()2.S04. 

When dissolved in sulphuric acid, platinie sulphate is reduced by 
oxalic acid, yielding a complex sulphate of irivalenl platinum, namely, 
Pt2(OII)t,.(S()3)4. (611)2. This yi(‘lds well-delined trielinie 
j)risms which gradually lose water when dried over sulphuric acid under 
reduced |)ressure, yielding a stable complex, Pt20;{.(S()3)3.1l2S04. til/). 
This acid is dibasic, and yields crystalline potassium, sodium, and 
barium salts.^ 

PLATINUM AND SELENIUM 

Platinous Selenide, Platinum Monoselenide, PtSi\— Berzelius ob- 
served tluiL platinum and selenium unite, wlien heated togetlicr, to 
yield a grey, rofraetory selenide. Hoessler - ol^tained the r)ionos(‘lenide 
by igniting an intimate mixture of platinum ])owder and half its weight 
of selenium under a layer of borax at a temperature api)roaehing ilic 
nielting-|)oint of gold (e/m//1()(32° 

I'he ])roduet is a dark grey, brittle substance, breaking up into 
shining leallets >yhen struck Jightly. 

With scleni(h\s of tlic alkali metals and of tin, eonqdex seleno-stanno- 
plat inales* haw bec»n obtained. The general formula .ALSe . SnScg . 3PiSc 
or M^SuPtySCfl is given to them, analogous to that for the thio-stanno- 
jphilinates, Ar^SnPt^Sjj. 

Platinum Triselenidc, PtSc^, Jins bc«n obtained as a black, fipcculcnt 
precipitate by reduction with fornlaldchyde of a solution of an alkali 
chlor-jdatinato m t he [ircSence of a w?lenite and an excess of aiKali.'® 

The reliction may be r(‘prcsented as follows : 

KaPtCle + JlSeOj + 8110110 ~| I2KOH 

PtScg + GKCl + 8H OOOK + IOH2O. 

Upon lieat ing to dull redness in a current of carbon dioxide, platinum 
tifeelenido is eoin erted into the diselenide, PtSc^, which is left as a 
^greyish black powder. 

PLATINUM AND TELLUUFJM 

Piatinum Subtelluride, PtgTc.— On heating the monotclluride in the 
blowpipe for n shcrl time a product obtained coKesponcling to the 
^lula ftaTc. ‘ 

* Bloiidel, J««. Chim, Phys*, 196r), [Mii], 0, 81. 

* Ro"*^ler, ans^rg^ Cijein,, 1895, 9 , 31. 

’ Minozxi, R dcc^i. Zinceif 1000 [v], x8, ii. 



^^nun Monotelluride, Pt'iV.‘'^n fusing the Jitelluricj^ 

bl6\vpi|)^‘ flame and then allowirfj -it to oool, nioi^otelliiride 

crystallises oi:t in polyhcdra,^ ^ ^ 

rt may also be obtained by heatifi^ an infimale mixture of finely: 
^lividcd tellurium parts) and platinum (laO' part#) in a lylnss tuliio 
j^ntil eombination takes pl.iee. The lube and its !ni>Iieii coutenls are 
now melted to^j^ether ami dropj^ed into cold water. Tlie telluride the#* 
yields quite jj[ood (^ystaV * ^ 

Platinum Ditelluride, IHTe.^, results on heatim^ an 'intimate mixture 
of finely divided platinum with a slijirhl ex^rss of tellurium at)o\e that 
theoretically required.' 'Hu* proiluet is treat^‘d with eoneei it ratal 
potash solution to remo\ e excess of lellnriunu and the telluride remains 
as a t^rey, crystalline. iiiNolnhle powder. 

When ])latinnm is dissolved in a i^reat exet'ss of molten tellnrinrtl 
irtider bora.x and the mass allowed to cool slowly, the diiellnritle 
crystallises out in oetalu'dra and may he sejiaftilid IViun the ('xees.s of 
tellurium by IriatuKul with cold, dilute nitric acid. 

Platinum ditellnridi’ is but slowly attacked by boilin'^ acid, 

wliilst boiling potash solution •$ without action upon it. 


PLATINUM AND NITRQGEN 

Nitrosyl Derivatives. - On <lissoIving fdatimim in axpia regia a nitro' vl 
derivative, termed fiifro.sy! rhljr-plafinalv, (N())j,Pl(’l,j oi; Pi (’I |.i?\Ot’k 
obtained along with more or less of hexaehlor-plaiinie aeid, Il^PfClg, 
according to eiremnstanci's.-* It is a browaiish yelh)\v* (hdicjuVsecait 
substance, which dissolves in water, evolving nitrons ihmes. When 
boiled vvith hydroelilorie acitl it deeoin|)ftses, yielding ehlor-platinic 
acid. lienee, in preparing tliis latter sided anee from scrap platinum 
for laboratory purposes, the sidution of ^le metal ^n aqua regia is 
repeatedly' evaporated to dryness and taken up with liy droehloric. aeid 
in order to ensure eornpli te removal of this nitrosyl ■(l(*rivati\^‘. 
jf^ 'Mitrosyl Brom-pUdlnuie, (NO)2PtlIr,j, is formed in an analoginis 
^iner to the preceding con^xnmd, namely, by dissolvin^^ platinfiii/in 
VAoluti^ containing nitric and^iydrolyoinie acids. 

Tetranitroplatinites or Kfatmenitrites, ^'^LPf D^) ^ 

Although platinum nitrite has not bei^u isolat'd, do lide nitrites 41] 
formula M;jPt(NOj5)|, analogous to the telrachlor})|^itbjites, \LPt(:|j, 
are known. They aiv derived fnmi Tetranitroplafmou^'ad 'u* Hydros 
gan Tetramiroplatinite, Il2Pt{ND winch ^ is obtained m solution 
on dceomi>osing the barium salt wifh dilute sulpliurie JM*id in the eolt4' 
On concentrating in vacuo, small red crystals arc X)l>tain<*d whidfl 
dissolve ‘in water tf) yield u yellow, unstable' solution^ The most 
important salts i>f thi^^ a<;id arft : ‘ , ♦ 

* *Amiifoniiim Platinonitrite,® 'vhieh^i.s ©h- 

tained in solution by Rouble decomposition of solid it ms of amrnofu'unj 
chloride and the .st|ver salj. Upon evaporation it cryH*alIises ii^colouiiess 

‘ Koessler, ZtiUtch, anorrj, Chem^ 15 , 405. 
s * Rogorsand iVcf., 484 it 38. jso ; 1840, 39 . *100 ; Wchcr, Poyg, Annnien 

i$97, 13^441. • - - 

,/- praU. Vnem., 1801, 83 . 415. - 

i'liyn l877.Jii1 a-y. 940 
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fpj; i^mi^ yciio\\riiommc pnsmsr Which are st<ablc in air biit^d^rr 
^anhydrous in vamo* Upon heating, it decomposes with cBn^iderab 
Vihlcncc, the mass Irccoming incandescent and swelling considerably 
jeaving a bulky* mass ^of platinum sponge. 

Potassium Platinonitrite/' ® K2pt(N02)4, wWch may be prepare 
;by adding potassium nitrite to a solution ^of potassium chlor-platinit 
in t lie requisite proportions. Upon cooling the salt separates out i: 
colourless hionoclinic crystals which arc anhydiY)us. Upon recrystallisa 
tiou from pure water, the dikydrat€y K2pt(N0jj)4.2H20, is obtained ii 
rhombic crystals. •. 

• Silver Platinonitrite/' ^ Ag2Pt(N02)4, which is most convenientb 
preiiarcdby addition of silvqr nitrate to a solution of the potassium salt 
It crystallises in yellow monoclinic prisms, and is a useful starting-poin 
for the preparation of other platinonitrites (sec the arnnionium salt; 
above). 

In addition to the foregoing, the following platinonitrites have beer 
described : 


Guoup A. Monovalent Metals 

Cwsiunf^ Cs2Pt(N02)4. — Colourless prisms, stable in air, and but 
slightly soluble in cold water, 

JAiMumy^'^ Li2Pt(NQ2)4.3H20. — Brilliant prisms, inclined to 13 c 
deliquescent, and losing the whole of their combined water at 
10(PC. 

Ilnhidiumy^ Bb2Pt(NO_)4. — Resembling the potassium salt. It ran 
also be obtained in rhombic or hexagonal prisms cornliiued with 
2 molecules of water. 

SodiwUy^' * Na2pt(NO^)4. — ^Flattened prisms, permanent in air, 
soluble in water. 

'■ Gnoup’il. Divalent Metals 

Baniimy^'^ BaPt(N02)4.3lU0. — Yellow prisms becoming anhydrous 
at 100° C, 

(\id)niuniy^ CdPl(N02)4.3ll20. — Obliouo prisms, stable in air. 

Cah'inmy^ CaPl(N02)4.5ll20.-' YeDow prisms, stable in air; conr 
pletely dehydrated at lOOf C. , 

Cobalt,^ CaPt(NO^)4."8lIjjO. — Rftd prisms, permanent in'* air, bii 
iY‘( omjjosing at 100°^ C. 

Coppery^ CuPt(N02)4.8M/). — Fine, green needles, soluble in watei 
Abasi 3 CuPt(N 0 j 4 .Cu 0 . 18 H 20 ,ihas alao been obtained 
as yelloW, crystals, 

Lead,^ PbPt(N02)4.8H20,— Stable, yellow prisms, which become 
anhydrous at 100"^ C. 

Magnesinmy^ MgPt(N02)4.5H,0.-> -Elongated prisms, stable in aij 
and at 100° C, 

ManganesCy^ MnPt(N02)4,PH20.— Prisms of pale rose colour whic^ 

* darken to l)rown in air and at 100° C. eyolve nitrous fumes, 

Nickel,^ NiPtCNOjli.SHjO. — Stable green prisms, which decompo$ii 

100° cy ' 

. * Nilson, liuU, Soc, diim., .1877, [ii], 27 , 242. 

* V<)zca, iln». Chim. Phys.y 18(%% [vi], 29 , ,145, 

< » Lan^, J. prakt. Chem^y 1S6U [»]♦ 83, 4151 

• Topsoif, ZeUsdS, 4) 469. 



* j5rPt(N02)4.3lT2f>. - Ye!Itnv crystals 
lol^insf 2 molceuks of wiwtcr at 100’ (\ 

Ziric,^ ZnPt(N02)4.8140.-'- Colourless prisons. 




Halogen Nitroplatinites, M2Pt(NO,)4 ^-X,. - .Serk^^ of salts liave^ 
been obtained in which the ne^^ative radicle eontafns both the nitro« 
f^roup and halo^^ens. 'Fhe ‘^alts forrn intcreslic^ intcrnn'iliarics ])ctweqji; 
the tefranitro and^ tel r/ halt nlatinites already described. Tliej^ aro^ 
stal)Ie, and occur in w ll-defuud crystalline forms. The best known? 
salts ^ are the di-i<)do di-nit roplalinilcs of : 


Aluminiunu Aljrt(NOo)2.l2l;j*27ll X) ; 
Ammoniumy (Nll4).,Pt(Kba)J.».2ll..b ; 
IJarwin, ]hiPt(XO.)J... tll.>6 ; 

Casiinny Cs.Pt(X()“oW -Jf-b ; 
Calviinn. ra“Pt(N()‘')J3.0M2O ; 

Cohnlly CoPt(X().,)J.>.HlI./-) ; 

Lithiuwy bi2Pt(X()Jr2.nll,,0 ; 

MyPt(X()..)>.<''ll >0 ; 
Mclcrly NiPl(X()2).d2..s!L() r 
Pnfa.muviy^' '* K-JUlXO^l^k-^lloO ; 

Rithkinuny Rl).vPt(?sO.,).,.L.2lI..() ; 

SndiiimJ' Nii2l’l(N'05)y.*ai.t> : 
Strontiuniy SrPt(X02)2h*-«sn>t) ; and 
ZhiCy ZnPllNO.)^!^.^!!/). 


Iron yields Uvo salts, namely : 

Fnrousy FePl(N0.,)>Io.8lL,0 ; anC 

Ferricy Fc.,lPt(X();).,l 2 ] 3 . Oil./). ^ 

Letid and memiry yield bjjsit; salts. PI)Pl(N()^).,r 2 . PI)(On )2 and 
21 T<r./n(N02)2l2 . il^r/) . t)l 1 /). 

Potaa-sium mono- and dudilornitropUitiniteSy KTfh(NO.,)-jCl . 2 II 2 O' 
•and K..Pt{X()..). 2 Cl 2 ; /• 

Poia.ssuim mono- and dibroninilroplaiindesy K.,Pt{X('2);/lr.2jl20 
and K 2 l*U^^ 2 ) 2 l^*‘ 2 *H/^ pn-par'^d.* 

Hal|)gen Nitroplatinates, x-'^.c - — These sails are inter* 

mediaries between the hcxtfluito;(ei. plati nates and 'HhcMiypolheticalj 
licxanit?oplatinates. The best-known (Jfri^^tivc^ ai'» * the following;; 
potassium salts : 

Dichlornjtro])la*inafey 5 

2'richlornitropldt inatCy K jPl ( N 1 ) 2 ) 3 ^ ? J 
PcnU^hlorrntrQpkdinatCy K^Pt^NOjlC’ ^ . If .^O ; 

Dihromfiitroplatinate, K2pl"(^'02)d^r2 ; 

TribromniiropIaiinat€y K.iPt(N(52)3Br2 ; 

Teirabromnit 0 oplatinatey k2Pt(^^2l2*^^4 J ' 

TetraAodoniirofflaP notify K2l^f(l^'^l2)2l4 J 
IfeniaAodonitroplatitmUy ^112)^5* 

• ’ • 

I Nllaon, BuU. Soc, chim.y 1877, [ii], 27 , 242. . 

* T^optioh* ZritfcJt^ Kn/^t. if in., ISHOJ 4» ^ 

cNilspn, J, prakl. Chem.y 188^, l»t 172; Bvll, Soc. chim.y 1879, (ft), 31 , 3a9i 
I'Vdzes. Ann* Chim^hyn.* 18^, [vj), 29 . H5. 

> Groth, ZtilKh. Sipt. Min., I«j0, 4 , 492. 



pif ; OF PtATIK^M ClBOpP. 


PLATINUM AND WIOSPHORUS 

Pl.il ilium appears^ td ^jomliinc with ])liosphorus in several diffe?rcnt 
proportions, butr^flie Mi ate of our knowledge on tins particular branch 
js not altogctlier^satisfaetory. 

When yilntinum is heated to whiteness ^rith yellow phosphorus in if 
ijes 5 .: an criieihle, fusion takes place and, when the expesS of phosphorus 
has burned off, a brittle mass of empirical fdrmula PtgPg is obtained 
on cooling.^ The same substance icsults ^ on heating platinum in 
phosphorus vapour in a cuftent of carbon dioxide. The temperature 
IS ‘raised to the point necessary to start the reaction, and the friable 
residue of PtjjPf, remains behind. 

Presumably tliis is not a definite compound, but a mixture of 
monophosphide and diphosphide, namely, 2PtP2 -\- PtP. o 

Platinum Subphospfeide, PtoP, is <ibtaincd by submitting to pro- 
longetl roasting in a mulTlc the above-menlioned comjilex, Pt^Pg, until 
constant weight is attained. ^ It is a malleable substance, soluble in 
aqua regia. 

Platinum Monophosphide, PtP, was presumably obtained by 
Pelletier iit 1792 ® as the result of heating platinum and phosphorus 
together unt il the metal had alisorbed^lS per cent, of the phosphorus. 
Tlie same phosphide is also obtained by boiling the complex Pt-^P-,, 
mentioned above, with aqua regia for many hours, whendiy a residue 
of monophosphide is obtained, tlie diphosphide ])assing into solution.^ 

Platinum Diphosphide, PtP2, results when phosphorus vapour and 
carbon dioxidt are ])assed over spongy platinum below red heat . 2 

Davy^ obtained a product of empirical composition, Pt3p4, by 
heating ])latinuni and pliosphorus Vogether in vacuo. It was insoluble 
in concontratc'd acids, and in this respect resembled the monophosphide. 
It may simply Jiave been/’, mixture of 2PtP + PtPo ; on the dther 
hand it may possibly indicate the existence of a definite compound of 
that formula. V 

fVavious compounds of ])latinum dichloride wiMi phosphorus tri- 
cldorkle nmPwith phosplioroiis acid have, been prepared.® 


PLATINUM iND ifRSKNIC 

An arfenide of platinum, 'PtAsg, occurs in nature as the rare mineral 
sperri/litc, and may be fornUd in the laboratory by heating platinum 
sponge with exil\^;>?i" of arsenic, when the two elcA’icnts unite with incan- 
descence. ^ 

A few arsenj^tes have been ohtaired.® 

* Clarke and Jospin, *4«icr. Chnn.J,, 1883, 231. 

2 Granger, Covipt. rcnd.\ 1890, 123, 128^. 

* Pelletier, ^nn. 1792, 13, 101. ' 

* E. Davy, TiUorft*^ Mag., 1812, 46 , 27 : Sch^(ruJg€r\^ Jl. 10, 382. ^ . 

.. • ^cKiitzmbcrgcr and Fontaino,./ti/W. Soc, €him., 1872,J[iiJ, 17, 482, 629; 1872, XS, 
101, 148 ; Cochin, Compt. rend., 1878, 86 , 1402. 

: • Tivoli, Gazzeita, l"584, 14 , 487 ; Gibbs, Amcr. Chcin^. J., 18jJ3, 8 , 2€0; Reichard, 
#er.. 1894, Hj, 1010. 






PL/VkINUM ^\N1) ANTIMONY" 

AVith antimony platinum yielils two si.m^)l loompoumls, namcTy 
JPtSl^o and PtSb. A third compound, Ptr^wSh^, a[.}|'‘ars lilso to he formc(^ 
iVorn alloys rich in j)latinum, when maintained ft'\enil hours a1 
(M C. 1 : 

Platinum Di-aptimouide, PtShg* is oblained.in the form of 
hexa^mnal (C'hristollle) (ft octahedral (Hoessler) crystals up^\ igniting 
a mixture of powdered antimony with jilalinum sjxmge.’^ 

It is a Iiard substance which readily blackens upon heating. 


PLATINUM CARBONYL DKHIVATIVKS 

Carbonyl Chlorides.-«*^Ry the nltcrnat(‘ ]>ass{ige of elilorinc and 
carbon monoxide over ])latinum spong(' at 250'^ or simjily by passing 
carbon monoxide over })latinous chloride at the same temperature, a 
yellow sublimate is obtained consisting of a mixture of platinum 
diehloridc diearbonyl and sesquiearbonyl, namely, PtClg.^IX) and 
‘2PtCr,.3CO respectively. The sublimate m(‘lts at al)out 150'’ C. to a 
red lif|iiid, and u])on heating to approximately 250° C. Ictlcs carbon 
hionoxide, yielding the monoeai^*onyk IMCL.CO.'* 

Monocarbonyl Platinum Dichloride, PtCl.^.CO, obt aim'd l^y heating 
tile di- and sesqui-earbonyls to 250° C., yields golden yellow erystnl' 
melting at 105’ (\ to an orange-red li([nid. The ery;s( tls are iivgro- 
seopie and are deeomposed by water, the main reaction consisting in; 
tlie de position of platinum ami liberation of carbon diaxich' and hydro- 
<jhlorie acid : thus ^ : 

pt( ij.co 1 ir,o . ’cOj ■r*r>t -i- ‘jiici. 

This* reaction cannot, how'cvcr, represent tlic whole of the changes 
taking jdnee, since although on adding a drop f)f waft r to crystals of 
the monocarbonyl derivative a black deposit is obtaiflejl, tke dejiosit 
is soluble botli in eoneentrated hydroehlorie icid and in concentrated 
nitric acid. *11 cannot, therefore, be merely platinum. • \ 

When heated to 300° C. tBe ^arbonyl <leeomposcs, yielding plaliimm 
and [)ho^genc, (’OCI^. . • 

Ca.'lK^iyl platinum dichloricfc has a d’stiyetly Rjisfe character. It 
diss<»lves in exc ess of hydrochloric acid tom Icmoii-yelloV '«’olutlon, due, 
perhaps, to the formation of a soluble l^drochloiide, Pt Cl.,* CO. 1 1^1. 
This solution is»a pON^erful reducing agent, effeetin^r the rcfluetion of 
silver, gold, and merer ry from their salts.^ TIie,iniouwarbon}l unites, 
with solulile •met aflie* chlorides, sm h as » hose r)f thO alkali* metals, to 
yield yellow, crystalline d(jublc safts. The^, howevoa^ are so readily! 
soluble and so ea^’’y decom|X)sed that their satisfactory isolatioi. hIRii 
proved (litiicult. ijVVItn the chlorides of certain pVg.‘;nic b;^es, however, 
well-defined compounds ita VC been obtained " 
* *Sc^uicarbanyl Platinum DicWorida,2PlCl2.3CO, result^on ijeatingv 
the dicarbonyl to 250* C. in a current of carbon inonoxick\ lt*may 

; . ^ Friedrich and T^Sroux, 1909, 6, 1. 

* Christoffle, Recherches sur Ioa %mlingmfns de Vantimoive, Oottmiren. 1803 : Koriiilcr 
li^cA. dnorg. Chtm.^ 1 895, 9, 31 . * • 

Schatzenborger, .Ann. (Jhim. 1870, [iv], 21, 35^. 

J^UuaAnd Foei^te>, Ber,, 1891, 24,^2494. 




in whidi it is more readily soluble, and evaporating the 
resultiii" solution. It Jrystallises in yellow needles, which melt a1 
130'’ C. At C.* it loses carbon monoxide, yielding the mono^ 
carbonyl dcrivativ(;. 

tt.v Dicarbonyl Platinum Dichloride^ PtCl 2 ? 2 CO, is obtained by lieatin^ 
theMivsrn(li;ar})onyl io*150'’ C. in a current of carbon monoxide. Upon 
sublimation in the gas it yields colourless needles melting at 112'’ C. tc 
a yellow licpiid. If raised to the melting-point in air, carbon monoxide 
is evolved. Tlic residue solidifies and melts again at 190° C. A little 
above this temperature farther decomposition sets in. 

Dry hydrogen is without action in the cold, but at the mclting-p 9 int 
the compound is at once reduced to the metal. If the hydrogen is 
burned the llarne becomes luminous and, if-«iade to impinge upon*a 
cold porcelain surface, dcj)osits a black film of platirnim. Dry chlorine 
has no action until <S()'’ or 90° C., when the compound fuses. ^ 

The diearbonyl is decomposed by water, the chief reaction being as 
follows : 

PtCl2.2(X) + U^O CO 2 f CO + Pt + 2IIC1. 

Diphosgene Platinum Dichloride, '»PtCl 2 . 2 COCl 2 . — This compoui^ 
was obtained by Piillinger as a non-volatile residue after pas.siiig 
streams of chlorine and carbon monoxide alternat(‘ly over spongy 
platinum at 250° C, It is a yellow, crystalline solid, stable in dry air, 
but jJightly deliquescent. It readily dissolves in water, but is recovered 
unaltered upon fjvaporgtion. When strongly heated it yields chlorine 
and phosg<ine togetlier with a residue of metallic platinum. 

Carbonyl Platinum Dibmmide, P tllrg . CO, was prepared by Pulli ngcr ^ 
by [>assing a slow stream of dry carbon monoxide over platinum 
ddiromide gradually heated^ to about 180° C. 

It is also pfopared Ify (‘vaporating a solution of monocarbfinyl 
platinum. dichldridc in hydrochloric acid on the water-bath in a cun*ent 
of hydrogen bromide. Upon rcerystallisation from benzene it yields 
prAge-red crystals, entirely free from platinum and plat i rams brohiide. 

The erystallijK* lu'edlcs melt at 17^*7® C.* They dissolve in water 
to a rc<l solution, which, ho we vATj^4ilmpst^ in staidly bhu^kens, fhc black 
^deposit, Jiowev'eV, fioing sr>Iuble in hydrobromic acid. /’ « 

When mclt^d i>. a currftat of carbon dioxide it yields platinum 
dibromidh. , 

With broinjdcs of the alkali metals, etc., itjyiclds.a scries of crys- 
Jtallinc double s^h]ts.*> 

; MonodhrbonyrPlatinum Di4odide, Ptlg.CO, is obtained ^ by adding 
^djhite hydriodi<.* acid to a solution bf the carbonyl platinum diehloridP 
ijjSi hydrochloric hcid : » 

^ PtCl^CO -4- 2HI PtIj.CO -f 2tf(X 

brick-red, amorphous precij)itate obtained’! This is 
^solurion in^hnd recovery from hydriodic acid and subscauent 
l^ion from benzerj^. 

* Pullinger, Trans. Chem. Soc.^ 598. 

SohKtzonbergor, loc, cit. ^ ^ 

* Mylius anti Foerster, Hrr., 1891, 24 , 2424. 

* Pultifager, loc, cit. Foor»<fer give 18P W) i$2^0^ 


pilrified^b^i 

recrystdli 





; ^ jilso be obtained by cvap»Aitin|f Ihe mixed eaVbonj^ dei4^^ 

tiv&, obWimed by Schutzhibcrgei^ method, with concentrated H^’dribdlc 
acid, •and recr>stallising from benzene. 

It yields red crystals, exhibiting a violet sluminer. They men ai; 
540° to 150° C., and decompose as the tenipci-aturg*is still further 
r<)ise(l. They are decomposed by water rather slowly, whilst alkaliea 
liberate metallic platinum. * 

With potassiiinlf iodiej a double salt, PtL.CO.KI, is oji^ta^iod aa 
yellowish brown scales, which melt at 150° to 1<S0° C. witli dcconjposb- 
tion. Other salts have been prcparerl, both with inorganic and with 
organic iodides.* 

Carbonyl Platinum Monoxide, PtO.CO, is presuiiiably obtained 
when the hydrochloric acid solution of the carbonyl platinum diehloride 
is stirred into fin aeidilied solution of anunoniurn acetate.* The liquid 
becomes violet in colour, and then deposits a )>hush black, lloeculent 
precipitate of what is presumably the carbonyl monoxide. 

It is soluble in concentrated hydroidiloric acid, yielding a yellow 
solution of the carbonyl platinum dichloride. With alkfilies it reacts^ 
as follows : 

PtO.CO + 2i\^aOII - Pt b Na,C 03 ( n^O. 

• 

Stable in vacno and in air, even tm gently warming, it deeompos<‘s svith 
sligiit explosion at J]()l)° to 400° C., yielding metallic plafinum and; 
carbon dioxide. 

Carbonyl Platinum Monosulphide, PtS.CO, is thr^ vn down as a 
brown precipitate when hydrogim sulphide is ]>assed into a solulk)U of 
carbonyl platinum diehloride in hydrochloric acid * s ^ » 

PtCla.CO + II 2 S PIS. CO + 2IIC1. 

It i%an unstable substance, decomposing in Vdcuo, and burning with a 
slight explosion when heated to 300° or 400° C., yieUling platinum,: 
sulphur, <ind oxides of carbon and sulphur. 

Carl^nyl Platinum Thiocyanate, Pt{Ci\S) 2 .C (). — K ^louble salt of 
this substance with potassium I liioeyanatc, namely, Pt(CNS) 2 .CO . KC^S, 
is obtained **by adding a solution of potassium tbioeyartate to pn« of 
carbonyj platinum diclilovide ir# Iiydroyhloric acid until the precipitate; 
first formed is redissolved. evtiporatiou in the cold it crystallises 
in ycllm^ needles, which dccompojie on warming with*^atcr. 

Platinum Thiocarbonate is obtained ii# combi n ation w * th 5^ moleculcfit 
of ammonia, I^CS 3 (Nil^) 2 .U 20 , by crystallisation fropi a mixture ol 
potassium chlor-j^latiiiite, eoneciitrated ammoiwa arid carbon disul^v 
phidc.2 It [fields roM needles, insoluble in cold waller, anTrnonium 
sodium hydroxide. Exposed over sulphurif; acid in mtciio it beeont^j 
anhydrous. 

PI^TINUM AND CYANOGEN 

Platiiium I^anide. Platinaiit Cyanide, Pt(CNj 2 , appears to 
first obtained by UcJfcsbereincr ® as tlie result of heating mercuHgi 

• • 

* and F^rstCr, ioc. ciV. 

2 K. A. Hofmann, Zeittch. nnnrjj. Chem^ 1897, 14> 283, 

5,,D».!!eborelner,^4nrtafcn, 260. 




ntokkl; and elmbSSts of PLATDJUM ORdW 

pl^tinoeyanide, Hj[r?t(CNj 4 . It|?^so results on treating the 
potassi^*n salt, It J*t(CN )4 with chlori^ic,^ ancLby heating th^a^imonhir 
salt, (NIf 4 ) 2 pt(CN)^ to 200° C.^ or 300° C.® When mercuric cyamde i 
. added to a solution of ah alkali chlor-platinite, the liquid is decolorised 
ami })latinoiis eyani(R‘ is deposited as a pale yellow precipitate.^ Pre 
; pared in these ways, pljjtinoiis cyanide possesses a yellow colour. iti 
insoluble in alkalies and potassium cyamde, for which f-cason it canno 
be usciLjju preparing ‘iilatinocyanides. WheiY heated it burns, yielding 
metallic [ifal inum. 

A solulile form of platinous cyanide is obtained as a yellow precipitatt 
by decomposing a solution of a platinocyanidc with sulphuric acid. H 
dissolves easily in alkalies and in potassium cyanide solution, but h 
usually contaminated with small quantities of sulphate. 

Cyanoplatinous Acid, lT 2 Pt(CN) 4 , may be prepared by decomposition 
of its mercuric® or cupric** salt suspended in water by a current hi 
hydrogen sulphide. On filtration and evaporation bluish black prisms 
arc obtained, which deliquesce on exposure to moist air. The salt is 
easily soluble in water, alcohol and ether. At 100° C. it decomposes 
into platinous cyanide and hydrogen cyanide. Sulphuric acid converts 
it into platinous cyanide. The aqueous solution reacts strongly acid, 
decomposoj carbonates, and has an acid taste. The alcoholic solution 
deposits a mirror of platinum on the c(?ntaining vessel when heated. ^ 

Cyano^ylatinites or PlatinocyanideSf M 2 Pt(CN )4 

Cyanofdatim'us acid, like chlorplatinous acid, yields a scries of wcll- 
dcfinod salts of general formula M 2 Pt(CN) 4 . By analogy they should 
be termed cyanoptotinites, but it is more usual to refer to them as 
platinocyanides. The salts defmijcly contain the negative radicle 
Pt(CN) 2 '', and arc not, therefore, mere double salts of the type 
2MCN. Pt(CN) 2 . They may be obtained by neutralising the freciacid 
with their corresponding liases, but the method is not convenient. It 
is more usual to^ prepare them : * 

(1) B/ doKble decomposition of the metallic sulphate with barium 
‘ plaiinocyanide solution. Thus, for example, the magnesium salt was 
• finslE ix’cpared'by Martins as follows : 

MgS 04 I BaPt(CN^4 MoPt(CN)4 + BaS 04 . 

(2) By procqiitation the metallic platinocyanidc, when insoluble ' 
in water, by double^dceonqxt^iition of a soluble salt of the metal with 
poiassiniir |)lalinoeyanide soli tion. In this maniier Martins obtained 
the copper salt ^ 

, VuSO:, -F K 2 Pt(CN )4 - CuPt(CN )4 4; K 2 S 04 .^ 

i: o(3) By warmbig platini^n salt solutions with alkali or alkaline earth 
Icyanides and alkiwing to ci/stallisc. In this maniior the potassium 
,^lt, the first platinoeyanide lo be obtained, naiheky, by Ittiier, was 
'^p^repared t w ' „ \ 

^ ^ ORCN I- PtCl4 == K?3Pt(CN)4 + 4KC1 + (CN),. 

* Knop, Annakiit 1842, 43 , 111. 

* Sobafar^k, J. prakfi Chem., 1855. 66 , 38£ 

* Martiuaf, Uebir die Cf/anverbhidnngen denf PlatirimetalUt Dissertation, Gdttingeik 

36; 1801. H 7 , 357. ‘ " r*: 

twsslcr, Xetlsrh. Chem^ 1806, p. 175, * Doebeiainef, loe, eit% 

f Quadrat, 1847. 63 , m\ (. ^ " 



• ; » (^A move rcc(^ method consists in passing aji alternatiiig clectj^cif 
cvinfent fhHiigh platimii^ electrode? itiiinorscd in aqi^oiis soli^ioiis^ of 
the cyanRles of the alkali or alkafliic earth nictals.^^^ • 

The * platiiiocyanides are an interesting S(jI (41 salts, ivmarkablt, 
ginongst other of their properties, for the tenaoity with whieh they 
retain the electronegative nieUil (platinum) and disguifo it to ordinary 
(^«ts. Concentrated nitric (W hydrochloric aeitf, alone (»r mixed, in the 
cold or on boilhig,^ extracts no platinum from Uieiii. K\ en eoiieen-^ 
trated sulphuric acid onlf liberates platinum cyanide with rtlflTci’fty.® 

The platinoeyanides yield very beaulilul hydrate s. The magnesium 
salt is an excellent exam]>le. It yields, Ujion slow evaporation of its 
solution, large regular prisms whieh appea ■ deep red b) iransmilte^l 
light, but viewed by r( Heeled light the sides of the prisms exhibit a 
brilliant beetle-green, and the extreniilies a dee p l)hu‘ or pnrj>le. This 
is, the hcptahifdraie, ]\IgPt(CN)4.7ll20. When genlly warmed, even 
under water, the crystals become yellow, whi(‘h colour eharaelerises the 
tlihjpirnfrd crystals deposiled from solution at lJ> ’ to 50' C. 

Lsotnrrisnt, In an interesting serii‘s of iiu inoirs, L(‘vv “ has shown 
that certain Iiydrated platinoeyanides, notably those of barium and 
calcium, exist in two modiliealions, having tlu* same chemical eom])osi- 
tion and crystalline form, hut exhibiting a nniarkable di^Jcrence in 
tl)^‘ir o])ticaI characters, differingfin eedour and in the* intensity of llieir 
fluorescence. The barium and ealeium salts show this most distinctly, 
and the cerium salt only to a small extent. Other platinoeyanides ao 
not show this at all. 

It is not easy to account for this ivsomerism according’! o the ordinary 
methods of representation of the slnielure of the plaJinoeyanidcs. 
Since samples of anhydrous barium platinoeyanide, derived from the 
isoUKTie tetrahydrates respective ly,^ire. eqkiiJly lluoreseiait, it seems 
fairly certain that any scheme must take into onsideralion t h(‘ eianbiucd 
waleft bevy therefore sngg<'sts that the isonurism of the tetra- 
hydrate may be aeeoiinled for by assuming tilhl two nfMi < ules of water 
arc attaefird to the barium and two to the plaliiKicfanide, radicles, 
since, in the case of the latter ratliclcs, two alt(a’nali\ e positions arc 
possible, namely ; . 



It is conceivable tliat the asynin/trii’al fyrm may ♦>(* incapable 
ofjtliat niDvement undla ihe stimulus olithe incident nttlialions ^\hicjh, 

* f • • • 

^ Brochet and Petit, BuH, Soc, c/a'm., 1904, [iii], 31, 659; An?t. (Jhim, Vhija,, 1u04, 

ryipi], 3, 460; ^ertheljt, Comjd. rj>ntl.t 1^)4, 138, 1 130. 

, ' * Hftdow, «/. CAcw. •Soc.,<ii:861, 13, 106. , 

" • Levy, Studies on Platinoeyanides ^ jpoctoratc TImkIs, London University, 1912 ; 
CAem.^oc., 1900,89, 126; im 93 » 1440 ; 1912, loi, lOSl*; Proc. CamD. Phil, 
^ 14, Ml 378. 



^ tne the ‘a or .symrnetricai isom^ride, afd able-tff 

fHdftrcsc^nec. ^ 

f^ Fluoiiescence, — “Jl^c majority of phitinocy^fiiides fluoresce underHBl 
■ iitjmulus of ultra- vioijet li^'ht^ or of radium radiations,, although some salt^ 
;$(how no sign of this ^;^)roperty. Magnesium, erbium, yttrium, thallium 
and uranyl saltsparc cases in point. " 

It is certainly very remarkable that uranyl platinocyanide should 
'fail to respond to (he stimulus of ultra-violet liglit or to radium 
radikfidfls; Both the uranyl and the platinocyanide groups can 
\ confer the property of fluorescence upon salts containing them, yet 
when they both occur in the same eomplex, there is no sign of fluores- 
cfiiee. 

V Fluorescence luidcr the stimulus of radium emanations is usually 
exhibited in a marked degree by one hydrate of the platinocyanide 
whilst other hydrates cither exhibit a feeble fluorescence or none at all. 
The anhydrous is frequently non-fluorcsccnt also. For example, the 
heptahyciratc of magnesium jflatinoeyanide, MgPt(CN)4.7Il20, is not 
fluorescent, although the pentahydratc, MgPt((!N),. 51120, is markedly 
so. Again, the pcntaJiydrate of calcium platinocyanide, C‘aPt(CN)4.. 
SllgO, exhibits intense fluorescence, whilst the anhydrous salt is only 
feebly fluorescent. 

Oxidation . — In early literature it is stated that by the action 
of chlorine, bromine, iodine, lead [)eroxide or nitric acid u|)on ])otas-‘ 
sium platinocyanide, a new product, ])otassium plalinieyanide, 
KgFKCN)^. 531120, is obtained. Similar statements may be found in 
somo recent text-books, hut are nevertheless quite incorrect. 

When potassium platinocyanide in aqueous solution is acted upon 
by chlorine or t)romino, a halogcnated product of conq)ositioM corre- 
sponding to the formula ^ (in the juisc of bromine) 


K2rt(CN)4.Br2.CK2Pt(CN)4.10ll2O 

is obtained, but^So [>latiiucyanide. 

Oxidrdiopi of potassium platinocyanide with lead peroxide, acidu- 
lat/*d with dilute sulphuric acid, yields a product containing the SO4 
■group, ^ of formula^ a’KaPt^CN)^. K2Pt(CN)4.S04, whcie x is prob- 
;|(^bly 0 ; but again no platinicYanide is formed. 

If, however^ a solution of potassimti platinocyanide is treated with 
hydrogen pcro:^idc (20- volume solution) acidulated with dilutsrsulpliuric 
acid, jx)tassiiun piatinicyanidc, KPt(CN),j, is obtained, united' with 
tiirec molecules of platinocyanide, thus 53K2Pt(CN)4.KPt(CN)4.f»HjOi 
liithium platinocyanide is more readily oxidised, in this* manner, yielding 
2Li4Pt(CN)4.LiPt(C5J)4, and if the hydrogen peroxide is replaced by 
ferck’s pure pcrhydrol,. complete oxidation to lithium platinicyanidoi' 
$iPt(CN)4, is obtained. t 

i The platinocyanidcs of rare earth metals a#.’e crystalline 
jWhich may he divided into Uyo classes.® ^ 0 . 

; Class I. The ccnum groiiji oi gemrd f 


[ formul a M2pt3(CN)[. j . 1 

S' Stkra. V/d/. Trans., l«o3, 143. 396. ^ 

: » Soo Knop, Annalfn, 1842, 43 , U 1 ; Martfus, Ueber die C^ni^rbtnduzgen der Ffili 
Oi^xtation, Oottmgen, 1860; Wcselaky, J ^i>raKL Chcm\ 1856, 69 , 276« ' 
Chem. Soc., 1912, xoi, lOSl. , 

^ * Hadow, QmrhJ. Chem. Soc., 1861, 13 , 1 O 6 . 
f Scetthia Serio«i Vol. 17. 



c5)lcrtiri mth -f 

Q^^nSib^dl^i crj^stailographic e!onu^>J5 ti.e as ibjio\v^ 


a : b : 0 r ,> fi 

0*5800:1 :0-5r)‘A loT 83' 


wensiiy^. 


Ce2Pt3(CN)i2.18H20 ^ 0*5800 : 1 : 0-55‘A lOT 33 ' 2 05T 

La2Pt3(!C'N),j.i8lV) — ' V 2-(i20 

“ I)ij’Tt3(CN),2.18TIuO 0-5S0C: 1 :0 rjr.17 10': ’ ‘.'O r) ' — 


Class II. ^'kenYllriiim (Irotij/, of j'cncral foruiula 
211120.- Tlu se are rh()nitot% r(‘(l in eolour with a rcllex'. Their 

densities and crvsiallographic ( lenRiils are as I’olk'W ; 

* 

;i : l> : c Density. 

YoPt.,(CN),...211L(J 1* 2 . 0*8020 . I : 0 0157 2*370 

Gdjno(CN)^o.2irip . - 2*503 

• “ Kr "lM3(CN)i.,2rir>Oi . 0*8005 : 1 : 0-0l‘)l — 


The more importanl plalinoeyanides an* As ftdiow : 

Aluminium Platinocyanide, Al 2 [Pl((.’N) J;j. is prepared by addition 
of an a(pie<)us solution of aluniiniinn suljdiate to one of barium plalino*' 
cyanide. 'J'he barium sulphate is removed by filtration and tlie clear 
liquid allo\V(‘d to crystallise. 'J’he salt separates out in V>liie, deliqncsecnfe'i 
la^nime.^ ^ * 

Ammonium Platinocyanide, JM(('N) 4 . 2 lL(), is olilaincd wlirn 
freshly prepared platinous eyaiiidc is dissolvid in ammonium eyanid^"’: 
solution,^ This method, however, docs not p^ive a pi.rtcetly* pu- \ 
product. • ^ 

It may be prepared® in a pure state by (heomposino Hk' bariujyry 
derivative with ammonium sulj)bate solution. Ou efmef iitraliu*^ the 
solution the salt crystallises out citroij-ydlow prismatic uoc'dles , 
which exhibit inler(‘stinf( triehroism, appearing jrreeuisb yellow jave nder- . 
blue •or rose eolour according to position. Kx))osed over oaleinm 
chloride or siilphurie acid it loses one mol^aile ol ^ aler, beeominjj ■ 
white. At 100' 10^150*^ C, it loses the whole ol’ its waW i. The anhy-; 
drous salt may also be obtained by cundueliij;^ amnafnia^uas over 
hydro<fen [daijnocyanidc at 100'*" C. At 300'' v'. it deeom])OS(?s, yielding 
platinous cyanide. Tlic niorlfihydrated salt absorbs a second jm/tcciile 
of water^jn exposure to moist air. ^ » 


Bariugi Platinocyanide, P?tl^(CN'y 4 . 1 Il 20 ,Js om* oMlie most usefuIV 
platuioeyanides, inasmuch as it nniy be o<yiV(anenl4v in j )re paring ; 
other .salts of Iiydrogcn platinoeyanide. Quadrat‘d w.> th|' fijst to>; 
prepare it by l^oiling the eopper derivative with bariorn hydroxidf!? 
solution. Schafarik ’ Obtained it by decomj>osin*' biytun carl)oqatc^^ 
\Vith free phvtinocfanie acid. Martins boilwl platiw)us eymnidc wiiihS 


barium cyanide solution and obtained the ^t, but i oconjmended 
fpllowing method, ’J> superior : Pulvcrised^aiinous cliloride. 

|[d^d little by a boiling^soVitio^f barium cyanide in sueh-^ 

jj - -f.i For ftccount of th# Ihwrcscenco of tlifcsc^Haltfl iSivy, loc9 <‘»V. 

^.f*Topsoe, Bihaifg K, Svemka Vet»-Akad, Haudl.t 1874, 2 , No. .j. 

Ueber die CyuHVvrbmhvngcn dcr Pla^nutclallt , Di. 


Sa Knop and SchnJlonnaiir^ A^^akn, 1847, 6^, 3iX). 

^^C^baiarilc, J, prakt. Chem.^ 66^ 385 ; Martius, op%^‘ tiN, p. 344, 
fe^^idrat. Annakn, 1847, 3, 64. • 

Jfpratt, Chem., 1856 56, 385. 







ri^ly^elds ^ black fnass coht^ing ’ Tlfe^ 

nf»t attacked by acids, buff itlkalics readily effect its doc5)i?i^iosl- ; 
ion.^ (S*i account ,4#f this latter projscrty it fs a useful startmg-]^nt 
)f the preparation d ‘ th^ platinocyanides of other metals. 

Hydrazine Platinf<icyanide» N2ll4.H2Pt(CN)4.crH20, ma^y be ob- 
lincd - by inixii7g aqueous solutions of hydraziiit^sulpliatc and barium**^ 
latinocyanidc. On evMporation, the filtered solution de})osits red 
rystals, which show blue and juirple colours by rdlccted light. Owing 
j tfieir'^hi‘:^tal)iliiy when dried, analysis is d^jlieultj but probably the 
;?d crystals are the fetrahydrate, N2ll4.H2Pt(CN)4.4ll20. 

When air dried the eryulals become light yellow^ and opaque, and 
cirresjiond in eomj)osition to the trikjjdrate, N2ll4.Il2Pt(CN),j.3lJ20. 
vhen genlly warmed they become white, the transformation occurring 
t about 28"" V, Maintained at 100° C. for some time a dull, oUvc-grccn, 
nhydrous salt is obtained. 

Hydroxylamine Platinocyanide, (Nll20II)on2Pt(CN)4.2n20, Ms 


•een prepared in a similar mamier to the preceding salt. Upon 
rystallisatifm at the ordinary temperature, red (aystals are deposited 
diieh are stable and admit of acenrate analysis. WIkmi gejitly warmed 
hey become yellow in colour, but return to their red hue on cooling, 
'he change is ])robal)ly due to ])artial d(‘liydralion. 

Indium Platinocyanide, In 2 [Pt(CN 4 )] 3 . 2 ll 20 , is prepart'd'’ by boiling 
olutioiis of barium ])latinoeyanide and indium snl])}iale logetlidr, 
ilterin^^ tdf the barium suljdiate and allowing to erystallise out. It 
'ields white, hygroscopic, leallets. 

Lsad Platinocyanide, Pl)Pt(CN) 4 , is readily preparetl by mixing 
)oiling satur;ited solutions of ])otassium platinocyanide and lead 
Lcetait*. Tlic solid it)n remains clear, but on cooling the lead salt 


eparates out as a yellowish white crystalline powder.^ It is aidiydrous, 
Liul becomes yellow on warming in air, then white; whilst at liigher 
;cmperatiires cyanogen is liberated, the residue eonlaining metallic lead 
ind platinum. ^ 

lathiunt Platinocyanide,^ Li2Pl(t'N),.5ll20, yields grass-green 
crystals, wliithi undergo practically no change in colour when eot)led in 
liq/iid air.^ , 

Lithium Hydroxylamine Platinoc^^anide, Li\ll.j()irPt(CN) 4 . 3 ll 20 , 

[las been ])repared. It yields f iirple, hygroseopie [irisms.® j, 

Magnesium ^Platinocyanide, MgPt(C.N;4.7Il2(), is eonvenii'utly pre- 
pared by deedmpesing the bariufn salt with magnesiunr sulphate 
sj^lulion.i On filtering off tiic insoluble barium sulphate and allowing 
to eva[)oratc, tjie salt crystallises out in blood- or earminc-red tetragonal 
crystals, ])osses.'>iqg i\ mctallie-grccn surface sbe^n. 'ilic parameters of 
the ervstais arc ^ j 


:(? =- 1 \ M)«U3. 


There is no cvi(lci;cc thatltlic salt > can exist in, two isomeric forms 

fi i. . 

' VJuadrat, Annalen, >847, 3, 64 ; Mart’MS,- )pns cil., p. 60. . 

* Ijovy and Sisson, Tram*. CAem. Soc., 1906, 89, 125. 

® Ron/., Ber.^ 190 34, 2763. 

* Margins, loc. cii* 

^ Hadow, Quart. J. Chem. Soc^ 1861. 13, 106. 

* Scholtz, Monatsh., 1880, l, 90Q.. 

> FJtvng, Xeiliich. Kryst. Min.., 40 , 619. 
l^vy, T,'anji. Chew. Soc., 1003, 93 , 1446. 



4 maintained at 86® to 40®C., the 
■ i$ ppmi^^ which is ycl^i^wish grceiHA colour. The same hydmte lifiiy 
;he prepjtred by maiotaiiiing a hot satimitcd aq»ic>>#is soliition*^r s6nj< 
time^M 45® to 50® C. until tlic salt separates oiiU, a i also by rocrystallfe 
jjjpg the heplalmlratt'd salt from alcoholic sul::;ion. *The (HhydratCi 
obtained at 100® C., is white and the anlmlrous salt, obftiined by hcat.in|Q| 
tti 150® or 200® C., is yellow.^,. The following iaole- indicates the colour 
and Huorcsccnt properties of anlu droiis a’ul hydrated salts * 

r»tIour. . Fluorosconoi?. 

MglH(C'N)4.7 II J) Red with green reflection None 
Mgl*t(C’N)4.5II.,() Yellowish green Strong 

]\lgPt(rN)4.2ll‘0 While None 

MgPt(C'N).,. Yellow None 

• The Platinocyanides of Mercury, MgPt(PN) ,, and Nickel, NiPt(CN)4, 

have also been obtained.^ 

Potassium Platinocyanide or Gmelin’s Salt, ^^^((’Nj^.OlIgO, was 
the first f)latin()cyaiii(le to be {lise»)vered,; by ittner,* who 

allowed inix< (l solutions of ])()tassiuin eyanide vviid ])lalinie ehloride to 
crystallise, Itiner, Iiowe' tr, does not appear to Jiave understood the 
nature (d’ the eonipound h<* had pre])ared. (hnelin,® who ^liseovercd 
the lerrieyanides, o])served thai^ by heating to redness a mixture of 
platinum spofige and potassium haa’oeyainde, a eomjxaind results in 
which platinum re])Lie(\s iron. Analysisof the prodnet crystallised fi^oin 
Water showed it to have the formula K2pi(PN)4.'‘ni./), - hen Iran sla tod 
into modern symbols. Another method consists in mixing ammonhim ® 
chlor-platinile with water, adding ean.die j)otasli and raising to 100® C« 
Finally, saturated potassium cyanide solution is added. Ammonia is 
evolved, and jiotassium platinocyanide pasfA*,^ into solution ; 

2KOII f (NIf4)2PtCIi f 4KCN 2XJry - IKCI + K,PI((:N)4 + 21120, 

After prolonged boiling to reinovo all the .onmonTa lUc solution is 
allow'ed to ervstallise, when the salt separates out in long rlu^ubk’ needles, 
density ’ 2-4548 at 10® C. Upon exj)osuro to air the (crystals elllore^ee, 
and at PiO'" C. lose three n^dc^eiiles of water, becoming pale gi")lden 
yellow. ^Tlic cruslied crystals «rc sulyhur-yelJow- in C()lour, but the 
crystalline faces exhibit a Uup llftoresccnee. When^dchyfirated at 
ordinary rtiMnperatnrcs the colour bv( omes n^ddish yell(<^'. On healing, 
the salt becomes w'liite, then y<‘Ilow, and finally nfelts . ' 400 (jOlP G. 
It is soluble in cold \vater, easily so in hot# as also in alco!iol f6id ethc». 
Dilute mineral ifcids d^ not affect it, but conecnl.’atpdesulyhuric acid,, 
effects the jUTcipiti^t ion of platinous cyanide^ ‘ * 

Wilm ® drJw attdition to the fai’l tliat tlfi propt ifies of^jwtassiujjn 
platinocyanide var\^ somewhat according methochof preparatiaj[lif 

AVhen white, fluoi\ scent crystalstof^thc r:dt arc, boiled with bydrogS^S^ 

‘ Radow, QiuiH. J. Che^. Isfti, 13 , lOG.r 
►^vy,*lor. ciL^ 

I Martius, loc. ctL • 

‘ Bee Berzdius, J(UirfHh(r., 3 , 45. 

‘ vOmelin, nnndbu^i, Isl p. J4r»0 

VTho potatwiuiii salt does not^apm-ar to u'ork so (iMarOuf^). 

CUrkc, Amcr, J. 1877, 14 , 2B<£ This figure, howevd, i| uncertain ottring td 
, 9 ,^? of u^iature. 

^er., 1888, 31, 1434, 




volume solution; tn^^rystais rernmni^g alter evap(»|^j|^ 
;^e pale^yellowish green in colour, but devoid of ilubrescoaM-; f 
eojistitutt?, in fact, isorneride, into‘^\vhich the white, fluore^ent salt: 
has been converted, <^^pr(ibably through the catalytic agency olP sombj 
irapurity in the jjcrokidc. This catalytic theory is supported by the^ 
fact that by boiling the white, fluorescent crystals with pure perhydror, 
no change takes place.^ .1 o 

Contrary to the istatements of early investig^toi^, oxidation bf- 

S otassiuin platinocyanidc with the luilogcns, n\t?’ic acid or lead ])croxide,, 
oes not yield potassium platinicyanide. The halogens convert it into af 
dihalogcnide, of general formula K 2 Pt(CN) 4 .X 2 . If, however, the 
solution of potassium platinocyanidc is treated with hydrogen fieroxidc 
j volume solution) acidulated with dilute sulphuric acid, ])otassium 
platinicyanide, KPt(CN) 4 , is obtained united with three molecules of 
platinocyanidc, thus : KPt(CN)4.3K2Pt(CN)4.6ll20. 

The crystallograpliiq elements of the hydrated salt are ^ ; 

a : 5 : c = 0*8795 : 1 : 0*2730. 

; Potassium Barium Platinocyanide, lhiK 2 [Pt(CN) 4 ] 2 '^H^ obtained 
by crystallising mixed solutions of barium and })otas.siuin ])Uitiuo- 
^jcyunides. ' In appearance it resembles the sodium potassium sali.^ 

Potassium Lithium Platinocyanide, KLiPt(CN)4.3ll20, has also 
^becn ^irepared'^ as yellowish green crystals. 

v Radium Barium Platinocyanide.— Sinee the majority of platino- 
i' fcyai\ides lliiorcsee under the influence of radiations froni radioactive 
substances, tlic radium salt should be selMurninous. Tlie radium 
,^*barium salt w'as' ])repured ^ by dissolving radioactive barium eliloridc 
*;in water and boiling the solution ^vvith excess of silver platinocyanidc. 
;|‘Aftcr llltering off insoluble silver salts the solution was allowed to 
^crystallise in a desiccator. 

The crystals tfdcposite^^ hist were reddish in colour, and brightly 
jUiminous at flsst, but" ’’the intensity of their luminosity gradually ' 
^diminished, and the reddish tint deepened in colour. No doubt this is 
l^ath'ibutable to alteration of the barium platinocyanidc in the complex, 
fesiincc*the free salt upon exposure to radivni radiations uftdergocs some 
^^haiige, resulting ill a weakening of the fluorescence as has already been. 
:.;;pointed out (sec p. 321). / ^ i 

v’ The radiiint- bafium kalt reeovfers its fluorescent propeities hpon 
i^lJirecrystalh'sation, and the effect is enhanced by contact with its® own; 
?s&turatea a(|ucous solution, probably because the water prevents the: 
l^ditcration rcfcfjced to, i ^ , 

Rubidirun Plaiinocyai^ ide,^ Rb 2 Pt(CN) 4 . 8 ll 20 {%) yields mouoclinip 
^tystttls, the erystallograi^hid clcinc: 4 ts being : * 

w :(): c == 0-9^i? : 1 : 0-5325 ; p = 09® 48-25'. 

Silver PIati|iocyaiidde. Ag,^*t(CN);, has also been prepared. 

^hite and docs not blacken up<>n exposure to sunlight. 

t ‘'Levy, Tram» Chtm, Soe,, IDOS, 93 , 1446. 

Grailich, Kr^Mlitgraphiach-ojilische VnUrmchungcrir (Wien, 1858). 

Martiu's, opw-v Soo also Knop, 1842, 43 , 111. 

;*“J^lir6tt^r. Sea Martins, ojmn ciL, p. 46- 
: * Bauinhauer, Zcit^ck, Kryst. 3/iii., 1911, 49 , 123. Oontmst Ditsekoiner, 
mkad: Wm. WJeio 1866. so, [ii],'374. . 


* PUittilOC3riIIKI6» 

Ju<<dra^AVlio decompcxicti the, tapper salt wtli sc^hun hydrsjiidcf. •: | 
jlso rfji'uits on decomposing the barium salt vsodium ^phaj^i 
ilartius acted on the potassium salt in co!'\'cr*i rated solution wM 
tydrofluorfilicic acid, and saturated the iiltratc with si^ium carbonftt^ 
On concentration the salt separates out as long trielinic privsnis ' 
iv)sely resembling in pro|Krties the potassium salt. The crystalloi 
taphic elements aw? ; ^ 

:b:c=- 0-5S70 : 1 : 01757 ; a -= 87^ 42', p -= 94^ 50*75', y = 90” 59*5^, 

'he salt is soluble both in water and in alcohol. It !v>ses its combined 
water at about 120° C. * 

Sodium Potassium Platinocyanide, NaKPt(CN)4.8ll20, results 
when the copper salt is decomposed with a mixed solution of sodium 
aftd potassium carbonates.^ It crystallises in beautiful orange-coloured 
monoclinic prisms, and closely resembles the barium potassium salt. 
Its crystallographic elements arc ^ : 

(i:h:c 0-85604 : I : 0-4729G. [3 95° 5'. 

It differs from tlic potassium salt in that it does not efilorgscc in the 
air. At 120° it becomes anhydrous, turning pale yellow in i,i4our,: 
bftt developing a reddish brown hue upon exposure to sunliiVnt.^ 

Strontium Platinocyanide, SrPt{CN)4. 511^0, is most easily obtained 
by boiling tlie copper derivative Avith aqueous stronli^mi hydrbxidc.** 
The crystals form monoclinic tablets, milky white 'in colour,# but 
exhibiting c delicate violet surface-lint and a green lluor^'sccnce. Tlic 
crystallographic elements ^ are : v 

a:b:c-^ 0*0850 : 1 : 0*4057. p = 94° 40'. 


At 1C)0° C. the salt becomes white and anhydrous. Py crystallising 
mixed solutions of strontium and potassium pi tinocySnides the double 
/salt Strdntium Potassium Platinocyanide, SrK2LPt(CNj4h#4ll20, is 
obtained. ^ 

Uranyl P?atinocyanidc, U02.Pt(CN)4.4(or 5)ILO, has bcei\ pre- 
pared ® by double decomposftioji of solutions of uranyl sulphate iitid 
•barium [iatinocyauide. Thc^»rccn,*filt8red solution, uj)on cvajjoralion: 
at room t<^mperature in a dcsacc^ntor deposits red cry t^Is possessing 
>trorg green metallic retleetion. • • 

If, however, the sc In ti on is concent rate^i on the watpr- )atl4 a yelloiy 
^ciystalline substance is obtained, which passes into red green form 
on cooling. ProbabK these cl.,*nges arc consequent upon variation ill 
juration: • • • • u * ^ 

X f Thc temperature of transformation of tut red-grcen*hydrate to |ip 
iy^llow salt is 39^ C . /' ^ * # ^ 4 

Platinocycnide, ZnPt(CNj4, te obriined as an insoluble yclIoM^^^ 
product on tr^'^ting {X)tassium^^pIatinocyanidOi solution yvi^. 

■ • • _ . 

Xfwadrat, Anmlen^ 184T, j, 64. 

j prqLi. Chem,, 1865, 66^386. 

, Ze^cJi. Krfy, Min., 1911, 49, 113. Contrtst Qrailick. 
tcA£ r/n/er^ttfAttn9«>i^(\Jicii,,lJB68). 

U9, opwt cit. 

t^86,^7, 960. 

riv^foe. 6a7»6. FhiL Boc., |4, Hj, ^ 




Al®‘B£1?iS£|5NtS or 

sal€s. Atids attack il wit^j difficulty, but ammonia Stv, 




^readily.^^ 


V 

Ilalogm Cyanophtlinaies, M2Pt(CN)4X2 


* Dichlorcyanoplatihic Acid, ll 2 Pt(CN) 4 Cl 2 , lias been obfoined ® bv 
; deconij)osin;^< thd* barium salt with dilute suljihurifi acid and eoncentraf- 
ing tJie filtered solution? It yields del ique, scent crystals, which dissol^'C 
wat^r to an acid solution which decomposes carbonates. 

I'lie (^drresp^iuling bromine derivative, oH2pt(*CN)4l3r2, has been 
obtained, and several salts of these acids and of the iodo acid have also 
been prepared.^ » 


* Platinum Tiicyanide, Pt(CN) 3 , is obtained in a more or less pure 
condition as a yellow powder on heating cyanoplatinic acid to 120° C.^ 


Cyanoplat\nates or Platiniajanides, MPt(CN )4 

Cyanoplatinic Acid, ITPt(CN )4 .—On adding hydrogen peroxide 
(20-volum(^ solutifin) to a fairly concentrated solution of cyanoplatiiious 
acid and evaporating over a water-bath, a white substam^e is first 
produced which, upon further evaporation, liccomes pink, brown, and 
finally du71 olive-green. Cyanoplatinic acid, lIPt{CN) 4 . 21120, is left. 
On treating this last-named prodiu't t\’ith watcT it passes through t^c 
sangic colour changes, but in the reverse order, before dissolving, showing 
that the colours correspond to the formation of difh'rent hydrates^ ; 

2n2Pt(CN)4 + H 2 O 2 - 2lIPt(C N)4 1 2 IT 2 O. 

The aqueous solution of this acid liberates iodine from potassium 
iodide, the reaction being (][iiantitative if sufricicnt lime (several lioiirs) 
is allowed. Tlius : ^ 

2iIPt(C]^:)4 f 2KI ^ 2KITPt(( N)4 -f T,. 

Sulphur ilio::i?ide reduces the acid solution to cyaiioplatinons acid, 
"Heated to 120° C. the solid green acid is converte(l into^a light yellow 
I’csidfic consisting mainly of platinum tricyanide, Pt(C'N) 3 . 

Lithium Platinicyanide, lciPt(rN^ 4 , is obtained as thr^ copper-' 
Jolourcd double salt, LiPt(CN)|. 2 LiPt(CN) 4 , on warming hydrogen 
peroxide solution ^with *litlvium piatinoeyanidc acidulated with sul- 
phuric a^id. If the piatinoeyanidc solution is^very concentrated or, 
fetter, u the hydrogen ]i;:»roxide is replaced by pcrhydrol, purgjr 
lithium platinkyanide is obtained, free from<^ admixed or combined 
piatinoeyanidc.^ \ V . . u 

^ The anhydrous salt “fs white, and is readily obtained by gently 
If3ating one of ifs hydrates. , 

The monohydrate, obtained b^ evaporation of in - 
Eiqueoiis solution of the trihyl^rate and vf sodium sulphate, and gently, 
warming the residue. The .*^dium sulphafe hydrates itsdf at#^h(| 
63i]^nse of the lithium stdt, and the ycllo\w monohyd rated Saltvif ' 

'V * ' ■ .-i • ' 

tc ' Hadow, 1800, 13 , 106 ; Martins, ct7. ^ : 

c • Bloraairaiid, J. prakt, Chem,, 1871, [iiL.3, 207 v Ber., 1869, 2, 202; Holit» 

cAim., 1874, tij], 22, 847. * . ^ V 

^ • Seo Blomstrand, loc, ^*7. ; Holst, loc, cU , ; Hadow, J, Chens, So^,, 1860, 1^ 
ojms ^ Ucynolds, Proc, Roy, /Soo., 1909, 



r TO ATmuri AND n s W* 

*rhe monohytirate is p*^duce<l on simply Vai^ 
BJtber*i?te Wihydrate oridilmlmH^" ' 

Tlie hihydmtc} LiPt(CN)4.2if,0, may be pr< o^cci by f.'cnfly 
tng 'ihe trihydratc, or by eoolin<; it in injni(i “•(!>. It is orange-red in , 
wdour, bnt readily dissoh cs in water to a eoiouriess soKition. 

TIjc trihifdmte^ LiPt(rX) 4 .;ULO, is obtained by e\ aporation of the 
ivpieons solutioTi at 10'^ to 5^'" C. to the erystalHsing point and snddcnljj:, 
pooling to 15"^ (,. It yields jieedle:sliaped crystal, which arc colo^^idesjs/ 
Dut exhibit a slight lavdider llnoresccnce. 

Potassium Platimcyatude» IvPt(CN) 4 , is oblaincd, eonib.'ried with 
:hrco molecules of platinocyanidt*, namely, as K1M({'N') , 3K2pt(CN)4, 
jIIjO, by adding hyflrogcii peroxide (*20-volnnu‘ solution) to a coiiccn- 
rated solution of potassium jdatiiiocyanide, acidulated with sulphuric 
leid. Bronze, needlc-slia]K'd crystals are deposited, displaying a strong . : 
metallic relleciion. Tliey are readily soluble in waler, yieliling a 
vdourless solution from wbieh no preeij)itafe is obtained with barium 
••bloride. The solution bleaelies cochineal, and liberates iodine from 
potassium iodide. Thus-: 

;iKJM(('N),.KPl((’X)j 1 KI Hv.>Pt((’N), 1 I. 

Silver Platinicyanide, AgPlj(PN).i. is obtaified as a ifght I rown 
PoceultMii preeipilate on addin., sihar nitrate solution to om of cyano- “ 
)Litiiiie acid. It dries to a dark ladT powder which haves a residue of 
netalTu; silver and j>latiuuiu u])ou gentle ignition. ^ • 

Sodium Platinicyanide, NaPt(CN),.2\a,d*l(('N),, Ims been obfevincd 
n a similar niamier to Iht* corresponding lithium salt,^ 


Pl.ATIMIM AND THIOC VANOGBN 

Platinum thioeyanates are not known, e.^a'pt inT'ombination with 
lie tliiotjyanates of certain other metals. TliioeyaiToyhitwious acid, 
l2pt(CNS)4, iind thiocyanoplatinic acid, 11 Pt(('NS)y, are obtained in 
olution ])y (lccomi)osition of tlic corres|X)nding barium .sails w[th the 
alculat<*d cpmntitics of diltflc^suljdiuric acid. The acids decompose, 

lowcvci^ on concentration beyond #1 certain ]K)int, 

• • 

* Thiocjjanoplalmiies, MkPt(('XS^.j 

Potassium Thiocyanoplatinite, Iv 2 Pt((;NS) 4 , is obtained 1:^ crystrtlli- 

atioii from inixt’d solutions of [)otassiuni chlorplati niie und Ibiocyaiiatc 
t yields red, bex£yTOii<d prisms which are rei|[Jily sol iblc in jvarm watei 
r alcohol, </lvi ng MU' orange-ycIio\s solutioni;^ ‘ ; y ^ 

The Anmonium salt, {NIl 4 ) 2 Pt(CNS) 4 , has also bj^en prepar'd'^ 
igestii\g ammoiA iin chlor-platyiitc with a solyticrn'ot an alkali thia 
yanate until all kasMissolved, and ?illo\| ing to crystallise.® It resemWis^ 
poti^sinni salt., • • 

* ^ Thc Silver ?!alt, Ag J>(CNS)|, is kifown.'* 

^ Heyrtjlds, Pre^, Roy, 1009, 82 , a, 3S0 

* bevy, opM cit. « 

* Buckton, Annalen, 1^54^95, 280; t'laus, Amudm^lB^jQ, gg, 54t 
^ Skey, CAew. News, 1^74, 30, 25. 

. * Buck^n, Annalen, 1854 , 92,iC80. • 



TniOCYANOPLAlfM^TES, MgPt^CNS)® 

. ^ A few^salts of tliil^yauoplatinic acfd have been prepared. T^ev 

lanalo^ous in constiwiticm to the chlor- and thio-platinates, andrart 
pspmorphous wiMi tlieVorresponding selcnocyanopktinatcs,^ • 

Ajnmonium Yhiocyimoplatiiiatei (NIl 4 ) 2 Pt(CNS) 6 , is obtained on 
‘^adding ammonium sulpnate solution to o#ic of potassium thiocyan^- 
;^^lati;^ate, and allowiwg to crystallise out.® It yiekls *red, hexagonal 
.prisms, whfeh dissolve in water, but yield an^imstablc solution at the 
■ poiling-point. The parameters arc ^ : 

a:c == 1 : 0*93 40. 

c 

Potassium Thiocyanoplatiiiata, IiijPt(CNS)e, is formed when a warm 
:fsolution of potassium thiocyanate is added to one of chlor-platinic acid 
6t to a suspension of potassium chlor-platinatc in water. It crystallised 
in red hexagonal prisms^^ the parameters being: 

a : c === 1 : 0-7829. 

/Density 2*342 at 18° C.^ The dihydrate, K 2 Pt(CNS)g. 2 ll 20 , is known.* 
' It yields rhombic crystals ^ : 

^ (i:h:c ^ 0-6224 :*.l : 0-9712. 

, The Silver,^ Sodiumi Barium,^ Strontium,^ and Lead salts have also 
been picparcd. The dihydrate of the sodium salt is isomorphous with 
Ithe c 9 iTesponding potassium salt.^ 


' ^ Plati?,um and Selenocyanooen, M 2 Pt(CNSc )6 

, A few salts of solcnocyapoplatir.ic acid have been prepared. They 
ntre isomorphous with the coircspoiuling thiocyanoplatinites.’ 

Potassium Selenocyanoplatmate, K 2 Pt(CNSe) 5 , is obtained* bv, 
;;mixing solutions bf poto* vium chlor-platinatc and sclcnocyanatc.* ft 
Iniystailise^ in Ifcmimorphic rhombic ciystals which appear red by 
l^imsmitted lijjht, and black by rcllcctcd light. The parameters are 


aihxc 0-5989 : 1 ;.9*9505. 

'ibtjhsity 3-377 at 10-2° C. 

The dihydrafe, K8Pt(CNSc)g.211,.U, yields trigonal scal^ohedral 


<r Ammoluum Selenocyanoplatinatet (NIl4)2Pt(CNSc}Q, qrystallists m, 
Mhe rhombic system ’ : 

rt ; 5 5j,c == 0-6338 : 1 ; 1-0444. 

S^>VBtilowa, Zeitsch. Kry«t, Min., 1912, 50 , 600. 

K .^ '^Uokton, 1864, 92 , 280. 

jRtiokton, Kefc^-stein {Pogg- At mkn, 1860, 99 , 2”5) ^eftoril;ed thc’na liitofee- 

ftS regular octfthedra^ ‘ 

™^^^f!llarke, Jahre$b^., 1877, p. 43. 

Ann. Chim. Phys., 1877, [v], IP, 109. 
t^Clraltioh, Jahresber., 1868, p. 25^. 

Zci^ch. Kryst. 1912, 50 , 494, 



PL»VTiNUW[ ^0 saiCON 

[vi ScvVral silicidcs of platinum havr been s(^ tef *\t varioMs timWikTIp 
but«it is doubtful if they arc all separate c entities.^ 

Sxistenee of the folfbwin^;j silieides, however, somns^ reasonably 
established. ^ ^ 

DipIatiiiiim*Sil^cide> Platinum Subsilicide> Pt^i, was apparently 
bbtained by Colson ^ b\ ^^roloitj^roA hcatinjf of platinum surrounfled 4^: 
lampblack in a Hessian crucible. Lebeau ^ prepared *t by hc;j,tiiig tl® 
moposilieide with tin and washing tlu4 jmKluct with potassiuii^' 
hydroxide, the subsilicide constituting tiio f-csiduc. Vi^ouroux* pj<»l 
pared the subsilicide by heating tlic inctal with 10 to 100 times iW 
weight of silicon in an electric furnace to such a higli temperature thati 
excess of the silicon volatilised. ' 

The product is a crystalline substance, liard and brittle, capable of 
being poimdcd to powder in a mortar. Density i;V8 at 18° C. Heat^ 
in chlorine, silicon chloride is formed, leaving a residue of platinum. ; 

Platinum Monosilicide, PtSi. maybe obtained by igniting a rnixtuiSfe^ 
of linely divided silicon and platinum sponge at a high tcmpcrature;c 
On treating the melt with potassium hydroxide solntiom excess of 
^licon is retnoved, leaving a residue of inonosilicide.*^ When recryt^- 
talliscd from fused silver silicide. the latter being removed by extrac' 10% 
with sodium hydroxide and nitric acid in succession, the inonosilhMde- 
is obtained as prismatic crystals, melting at about MOO® C., Iind oC 
density 11(30 at 15® C. • • 

The usual mineral acids, including ail the halogen aeiejs, are withopt^ 
action upon ii, but aqua regia effects its solution, ?md concentrated; 
hydrochloric acid containing bromii^J also attacks it. 

When heated with copper silicide, Cu/b^ it yields a double silicide,,'! 
PtCfijSi,* as a dense grey substance, completely sohible in iioiiii rcfria. 


PLATINUM AND TIN 

Alloys of platinum and tfti luivc already been diseusserl (see p’ 

PlatiAum Staioiate, Pt 2 SngO] 2 ,«anll two Platinum ThiostannaMi 

jP^SnSe tyid PtaSnSg, have iJecfi chsCribed.* 


, Detection and ^imation ot t'Jatmuin. — ^ec r;e\r 

^ SoQ Winldlr, 7. fraM. Cheni., 1804, 91, 203; jGif ar.l, Aor. eftfm., 1876^fij^ 
^ 510; Colson, Compt, rtnd,, 1882, 94, ffl. • 

Colson, loc, dl. 

and Nu\*it7.ky, Compt. 1907, 145, 241. , 

Vf^VigouTO^ AnimCmm. Phjta., IS97, {vlij, I7, 153. 

i^"LioSeau and Noviizk^i /05. cit, : Vigourous, 1907^145, 375. 

Pm- AnnaUn, 1870, iw, 001 J 1809, 138, 604; 1809, 13^ I0|i H 
1874. iiil. 8. 19. • - 


CITAFFER X 


DETECTION AND ESTIMATION OF THE PLATINUM 
METALS 

CoMri.p.n': uiui inisivvorthy ^aniilyses of on , , ^ platinum 

metnls are ncit easy to effect. 'Fhey require on the part of tlie analyst 
Coiisiderable skill and expert knowledge of the eeceiitrieitics of the 
metals eonei'rned. In t !k‘ ]>resent chapter the more important reactions 
of the metals are outlined, together with the most usual methods of 
analysis^ 

J)K/rK(;riOx\ y\Nl) kstimation of uutiifnium 

Detectionr -Metallic Ruthenium is characterised by its ready solu- 
bility in a mixture of fused potassium hydroxide and nitrate, yielding a 
green mass*of potassi\im ruthenate, Tliis dissolves in water 

to an orange-coloured solution which leiives a black stain upon the skiit 
owing to tlie de[)osition of oxide or hydroxide. Nitric acid precipitates 
the hydroxide as a black mass from the solution. 

Fused polasswmi liydrogiai sul])hate. which readily attacks rhodium, 
pallacuum and iridium, is without action upon ruthenium. 

When healed •with potassium chloride in a current of chlorine, 
ruthenium yields potassium chlor-r^ithenate, K.dtuClg, which is soluble 
in water. ^ 

Metallic ruthenium is insoluble in the mineral acids, and is ®nly 
slowly soluble in Jiqua reg^a. 

Reaction.^ of\S(ilt.s Ruthenium . — A ddieatc and eharncteristic 

;i^action of ruihenium chloride consists in formation of an azurc-bluc 
tint* (possibly due to the formati(Ui of didiloride) when l^^drogen 
:jSulp*ludc is paj^sed through its solution in nuater. 

t, Annnoniiirn sulphide, on otl.et hand, cau^s a darl# brown 
■pweipitate to sq araie out in lik© Virewmstances, which is soluble in 
-excess only witl^dillieulty! ^ ^ ^ 

Alkalies precipitate the black hydrated oxide, insoluble 

•in^^xccss, Wit which is readilw soluble in hydrochloric acid, yielding an 
<trange solid ioiiV^^f lining the Iriohloride, KuC!l^. 

' With cqneent rt^tedf sokdions of ruthenium salts, all^ chlorides 
the deposition of Miolct cryidalline ])recipltates of the doubld^’ 
^JlJ^rides. Thes'e are soluble in water only with dilhculty, but are ;! 
9l^C!Oinposed w\th boiling water, yielding black insoluble residues of ■ 
^ychlorido. * % ^ ^ ® 

y Ruthenium tViehloride solutRm is reduced S^y"' met ajlic zirft to 
ih^oride, the colour ehauging from* orange to azure-blue. In th^ 
pr^ence of excess tjf zinc the* reduction proceeds evcntfurtlwr, raeltdlio J 
^'^leniunidoeing deposited as a black powdgj*. “ * . 

• •Co. 

Aa this ia not a^!^ext-lK>ok of analysis tho'^various operations are not disensM m >; 
dota i.hut rcfot^^nces ai^ given so that the analyst desirai^ of attcxn^^flr\ 
'!l^^**** mcUodsStlny know whereto Jd^>k (pr fu^. details. 



REACTIONS OF THE PLATIN^'M METALS 

^IN COMPACT form) 




&«tbeaium(Rua,).l Ehodram 



vapour of its tetroxidc. ^Tt) confirm the presciK'e of ruthenium, 

►ajx’r is i;jiiitcd and the asli fused with potassium nitrate at\d hydroxidt^^l 
3n extraction witli water the orani^c colour of potassium ruthenate 
obtained.^ 


jlklri^fe^ratcd from osmiridium^)#' i^rnitio.. in a current 
'|>i**aboift 1080° C. Osmium Utroxide and ruilicnium dipxid^ 

latter being the first to cond(‘^ i ktiiv 

Uclect\pn of Ruihemum in Platinum Alloys- Jfn tirger to detect tw * 
Presence of ruthcniinti in platinum alloys, a portion ofrthc alloy is 
A^th lead. The melt is extracted with nit we acid juid the rc8!di3i||| 
tgnited in coiilaet with air in order to volatilise the osnvum. The 
itiay now contain *plati^ uni, iridwim, rhodium and rutliciwum,^ 
fused with potassium iiiti<ilc mid hydroxide. The whole is dissolv^J 
in water, treated with excess of iiitrie acid and allowed to siand 
flask covered with filler-paper. In a few h.»Mis (1*2 the 
darkens if ruthenium is present, in cons^upieiiee ol tlic cv'^olution 

/. .. . . *1 rn. ilv-. •.Ilf 1inv\Sffiv) 'j 

\i 

tained.^ . , , - 

Estimation. Hut henium may he estimated by precipitation 
magnesium from solutions of its salts. The jireeipitatc is wiislicd 
clilute sulphuric acid to remove (‘xcess c)f magnesium, dried, ignited in 
a current of hydr<igeii, eooh’d in carbon dioxide, and weighed as mettih. , « 
Ruthenium may Ik* preeijiyated from solutions of its salfs^ witk 
Kydmgen sulphide in the form of ruthenium ses<piisnlpl(idc. Thi$ 
washed, dried, and ignited in a pialimim lauit in a eniTent of oxyiicn?| 
to expej the sulphur, reduced in hyilrogen and weiglu d as mctaK | 

Ruthenium niav hi* separated troin all uu’tals ewejit OMUi^iyn 
dislilliug in alkaline solution in a eurreni of (‘hloriue at 70° C. 
ruthenium distils over as tetroxidc, and is collect eif m dilute hyd^^ 
chloric acid, 'rhe licpiid in the di^tilling-Jlask must lie kept alkalurfl 
to iireveiil iridium chloride from distilling over with the nilhciuiun#^^ 
Thi distillate is evaporated to dryness, and the r«'siduc ignited m:g 
hydrogen, cooled in carbon dioxide and weighed as w< l:il. 

Sepafalioii of Rutheniuin fnun Omiu p. ^ ^ 

Separation of Ruthenium from, the Platinum Mciah, ^e(^ Scheiiic 
[>. 8ii. 

•DFiTPXTION AND l*STl.MA»T10N OF RIlODiriM 

t)et«:lioiw-3/f/rt///<; Rhodium^whetx purvand c-'in;,iitet, ih insolMoif^ 
iti ifiiiuTal acids, not excepting aqua regia, although dissolvi in 
latter when iJloyed witli certain other element s such ; s Icacid 
liihppcr and pliftinuin^nItho\igh not when alloy' d v;ith l ilvcT or j^ltt 
JVhen f»t3C<l with.u mixture of jwhrssiuui l^rdrOxi^ a.id jiitmte 
‘i^ily oxicriscfl, wliilst fusion with iMassium hydrogen sulwtaK 
'^averts it into the soluble salt, potassium rluJdiiim; su|{»m|^| 
i^SQ,),.8K,S0,. or K.RiySfljk-n fwint pf dishoction • 

^^ibdiuin and nfthAiium, since tnc 

^Syiftujsiuin hydrogen Sulphate. • . ii.. 

S-d^When healM with sodium chloridt; in n current <>f ehldftn<3,j^ 
r^Me chloride, ‘.sodium ch1or-rhoditc,NiJt,RliCl,.A<p, is fonix^i 
Cffi^vcs in watK. viehyng a rose-red solution. 

»/ (tfTlhoditm.~ Ammoiiiv.-n sulphide et 

> Ofloff. t’fan. 1^8, 32 , «r. 



^ s^quisul^^^^ hot sblti^bii^ijf'rl^ 

:,^ItS, ' In contradistinction to pluthium and iridium suijJh^sf wfcicl: 
tj^are solute in excess of ammoniumb sulphide, rhodium sulphide^ k 
' iiijsioluble in excess oiyhij reagent. • ^ 

Alkalies yield a yellowish brown precipitate of rhodium hydroxide, 
Rh203,nfl20, oruboilin^. This precipitate is sol utile in excess of the^ 
rea^^ent (contrast ruthenium). 

r Potassium tjydroxide causes no [irecipitation from rhodium tn- 
chJorfrie solution in the cold, hut on gxlding alfohol it brown precipitate 
of hydroxide is obtained. This reaction is characteristic for rhodium. 

Another noteworthy reaction consists in addirif^ potassium nitrite to 
a solution of the triciiloridc, whereby an oran^fc-yelloAV precipitate is 
oHlaincd which is oi\ly slightly soluble in water and is but slightly 
decomposed by concentrated hydrochloric acid. 

If the gases evolved by the action of hydrocliloric acid upon potas- 
sium chlorate arc passed into a solution of a rhodium salt rendered 
alkaline by addition of shdium hydroxide, the liquid becomes yellowish 
red, then red, and finally a slight green precipitate forms, "lliis latter 
redissolves, yielding a blue solution containing sodium rliodatc, 
Na2Rh04. This colour is destroyed by sodium peroxide or persulphate,* 
and by sulphur dioxide.^ 

Metallic rhodium is precipitated from solutions of its salts by 
addition of melallic zinc. ^ 

Estimation. Rhodium is conveniently cslimated by preeijiitation 
with iTMgiU'sium from solutions of its salts. The precipitate is washed 
.with .dilute sulphuric acid to remove excess of magnesium, dried, 
igriitcd in a current of hydrogen, cooled in carbon dioxide and weighed 
as metal. " 

Rhodium may jilso be ^cstima^^ed by reduction of its salts with 
hydrazine hydrate ^ in hot alkaline solution, the concentration of the 
rhodium not lieing too great. The hydrosol first formed rapidly 
coagulates, yielding a metallic, glistening precipitate, gas being evoh^cd 
" the while in consequenK^ of the eatalytie action of the metal on the 
j hydrazine.' The precipitate is dried at 105° C., ignited in air, followed 
Iw Ijydvogen, ami finally by carbon dioxide, in which gas^ it is cooled. 

; Tile rhodium thus obtained is free from abudi. 

Separaiion of Rhodium from the Platinum Metals. See Schemes I 
f iind II, pp. and 015. 



DIS'FKCTION AND KSTIMATION OF PALLADIUM 

DjBtection.— 3/t’bd/M’ pMulium is the most ^readily fused of the 
platinum nictals (sec Tabic, .p. 5). When heated in air the surfage 
b^omes coated with oxides which tint it. The metal is soluble in' 
regia, sparingly soluble in nitric acid, but more readily soluble in 
fuming acid, yieldiiig pnlladous nifratc, from \.high a brown preci* 
||fibltc of basic j^alt may be obtained on dilution, with W'ater provided) 
ithe^ acid is not present in too great an excess. mixture oi 

hydrochloric acid \vith chloric acid * is recommended as a useflUli 

' Chtm, Nem, 1905, 91 , 216 ; Compt. rend^ 1906, 140 , > 1341. , 

. ^ ^Gigibieif and U<'is 8 , Jirr., 1909, 42 , 143^.. Coniiaro Jauoaticii and 0. von 

im, 33, 2130. ^ ‘ 

vifial. FJs, Quhn, Arffeniifia, 3, 6S. 


kiasSnuch as it liberates# irec i^piorii^ 
>ea(£lt%ftAcKs the met^l. Thus : 

5IICI + llClrta nCla f 3ll jjl* 

BoiIin.tr, (ill ‘Cent rated sulphuric or hydroehlorie»^nr*id ^ilowly (Ijssolves 
the ihctal. Fused pcttiussiuin hvdrojtreii sulphate aittuics jialladimn. ' 
# Reactmis of Salt.s of PallmUuvL Mbih iiiydro^fi'u sulphide ami 
aiTimoniiirii sulfilnde effe^*t the preeipitation of i^laek p;dladiuin nioiKKi 
sulphide, IMS, from soli.^ams of i#s salts. TIu' |)reeipitatc«is ins^lubfe 
in excess of amiuoniuru sulphide, out ilissolves on ooilin^ with eoii- 
cent rated hydrochloric acid, and is soluhle i\\ a<]ua reida. 

('austi<’ alkalii s jireeipitate basic salts yeilowi h Vrown dc'positi^ 
soluble in excess. W.der, alone, causes partial jireeipftation IVcfei 
acidulated solutions if acid is only present in very sliirjit excess, 

, A characteristic* rc'aetion ciinsists in the formation of a black pre- 
cipitate of pallado\is iodide, on addition of alkali iodide. This 

tends to dissolve in excess of the alkali iodidt , lint is ins»ilnblc in hydnv 
chloric acid. 

Men'urie cyanide, HLf(('N).. precipitates palladinis cyanide, 1M(('N)|, 
from solution in tlu* form of a y< llouish whiti\ tjelalinous deposit, which 
is readily soluble in potassium eyauide. as also in ammonium hydroxide.' 
^lis H'aetion is uni(|ue amonjjf^i^the platinum metals, and s?rv(‘s as the 
basis of a useful method of separntino- and eslimatin^r jiali.'nlium. 

Addition of ]H*tassium ehlon<le to a solution tif palladous ehl«ride.; 
causes the precipitation i»t the nd potassium t<-h‘aehlorpaMjuIat\', 
KjlMCTi. which dissolves in water to a red solution, but is insohtj>lo m 
alcohol. , ^ ; 

Palladium may lie (listiu^iuishcd from (*o])p«‘r. sir.ci* ammonitiriV 
thiocyauate yields no precipitate ev'^n aftei;^ passaj^e* ol sulphur dioxide. 

Me'tallie zinc reduces pallaelous chloride solutions with de|>osition of 
fincK^ divided metallic palladium. ; 

Estimation. Palladium may be eslim;d(il lyuv Imetrieallv by 
additiou*ol' jiotassiuni chloride and alcohol t(‘'^i eei\( rut, rale <1 solution 
of palladium chloride iu hydrochloric acid, 'i’he l)ro\vn^pr('ci)>it;ttc of 
}X)lassiuni clijor-palladite is collected, ij^uiled, the |)otassinm elih^’ide^ 
washed out, and the residmrt palladium wii^^hed as medal. 

Palla!^ium may be separatetl oyt f«»n eojiper in this manner (scro 
p. ftt t), but clearly cannot be^ s^parah d freiin such metrJs as i ntlu nium, 
etc .0 whicti viehl insoluble double Vhlorideiii with |;jMasnium (*hh*ridc. 

Palladium is freyueutly estimated by pr(*ei])itjii;bn ( f palladous 
cyanide. 'JV/t^is end a solution of mercHrie cyanide is ae Idea to one'^of 
the chloride contai* iuTj only a trace of aeid.^ 0^,if;eftt4y >v.o niinj;( uiitll 
the odoirr of hydrogen cyanide has e'<a^ed, a whtfish pr^icipitule ot 
- palladous (*yauuh' sepjirates out. •iMiis is well wiisheiljjgnited, and thic^^ 
palladium weighed as metal, • #- 

, This* cyanide method is particwlarly usedub beeausf^ pulhulium^^%^ 
unique amongst the jj|atinuin hictals in ^ ielding it preeijiitatc of ( yiuud^, 
oftTsIdditfon of merdViric cyanide hcnc4 palladium adniits of s^iuratipfl 
'Jlroni.its allies iivthis fnanner, and from most of the comntoner 

notable* exertions being lead and CO) iper. , ^ 

^ Palladium may also b<i.cstiinated by adding sodium hyilKixide^td i; 
^IK^Mlidn of the mc»tal until tHe |ifctipitate first Ibrpjcd has redisMv^^ 
ifeiciftess of alcohol Is now addeih an4 the^wliolc Lti)t pt^ the wgitcrrl^lji; 



p ^ dMppeafedv V ^ 

it^roug^^ the preci^ffited pallad^ani collect^if^l^i^^ 

p'ihd ignited^ first in air, then in hydrogen, and finally cooled ii! 

m^^ . • . ■• 

|i Another method donsists in precipitating the metal from its hdi| 
^solution by addirton of a hydrazine salt in acid sofution.^ In this*wa^-x 

ffi Mad^urn may be scpArateli from alumyiium and chromium, arifi ?’ 

eed from niokcl an^l cobalt if dilute solutions arjc efnploycd. But i 
the inctal daniiot bo separated front mercury, lead* silver, platinum, - 
v^copi^r cy gold by this inethod, for although none of these metals are < 
r^precipitated from solution Ijy hydrogen salts alone, the presence of the ^ 
; p^ladium induces precipitation owing to the production of hydrogen^ - ■ 
When acetylene gas is passed through au acidified solution containing 
palladium, a brown precipitate is obtained which, upon ignition, yiel^ 
palladium.® In this way palladium may be quaiititivcly separated 
from copper. 

< Separation of Palladium from Other il/dri/A*.- -Palladium may be 
:;|eparated ft*om its allies also by addition of freshly precipitated silver 
iodide to a stdutiori of their chlorides. Palladium eliloride is the only 
. hue acted upon ; it is converted into a black insoluble residue of iodide, 
::the other metals remaining in solution. The washed precipitate is 
treated with potassium iodide solution/)!’ willi arpia regia, whereby thfi 
palladium is dissolved out, and may be determined by ignition to th 
J metallic eonditiou. 

Palladium may be conveniently cstimaied by prcci[)itation witl 
^;.a-niti9)so p-nai)]itli()l in a similar manner to cobalt. The solution i 
^^]p.®idified with liydroehlorie and acetic acids, heated to boiling am 
;:,preeipitatcd with a hut, saturated soluliou ol‘ a-nitroso p-naplithol ii 
"50 per cent, aeotie acid. A red c»jloration is produced, giving rise t< 
voluminous |)reei})itate of the same colour, and having tlic coni[)ositioj 
Tliis is filtered off, washed, ignited in a currettt o 
*:.hyarogcn, and cohlcd in <?arbou dioxide, the palladium being weighei 
;;in the nK\taHie bonditiai.^ wSince the other ])latinum metals are no 
^f^ecipitated ih this manner, the foregoing affords a useful method o 
^?tep»ratioa frqm them. The reaction is very sensitive, };ielding a dis 
|tSinct precipitate, on standing, from a sojutitm containing only O’OOl mg 
palladium umiuoiiium chloride per c.c.® ^ 

Ja: r nkiy also he precipitated \vith a 1 per cent, alcoholii 

^.^olutiou of diimithyl glyoxiiuo, and estimated in a similar manner.^ 

A Palladium and Platinum may be se|)arated from each other bj 
|;i|f^atcdly cvai'orating their Wution with hydrochloric Hckl, wherem 
- reducgfl to pi^ladous cliloi?ide. On addition ,6: 

^ipM^onium chloricVo the platinum is precipitated cas^amnv)nium 
filiate, (NIl 4 }^PtClg, leaving the palladium in solution,® from 
ll^ay be obtained by the gly oxime method. ^ 

ma;^ be estimated ^lectrolytibaH^^ 
solutions ot its saltsvwith sulphuric acid, heating" ip 

gV'^feutbtor a.*>d Faloo, Zdtsch, anal Chem,, 1909, 48, 665. v * 

Bettgiv^, Ber., ^004, 37, 2210. Jannaseh and^Bostosky, l 
Paaland Amborj^er, i?cr., IDO.*!, 38, 1383. ^ 

and Makowka. Btr,, 1904, 37, 2804. 
and Thiiringer, Ztitsch. aka/. j 


nldt, ZeU^ctl* amny^ CAem,, 1913, 9o, 33iS> 
. OAcifi. 1916. I. 220. ^ ' 


lr913,' 39, 737. 





av voi^» i^cntpersiure W7ir» a 

alT<!|ft|*\%l|s,* Tfhe catjjode may cAiOtiiieiiily consist of S 

ptaSe af^>latinum-gauze and the* anode of a pl?di4um‘Spiml.^ If titt 

E rei^^irt, it remains, in soldtioii^a complete sepi!ia$oi of the two 
dn^? thereby effect edd " ' ^ , : ;S 

When a dilute seflution of palladium is aeidified tith liydroehloriC;; 
ajid and reducc<l witli ciyhon lutmoxide the electric conductivity^;! 
increases coiisiderahly, tlu' increase being proportional k) the palladiuOl^j 
and independent of the a^dity. 'Wie inerease in eondiiytivily nuilfiplie<j;! 
by 1‘21 10 * gi\ es the number of milligrams of palladium ii^ 100 c*c*y 

with a mean error <d' {ibont 1 per cent.- • ^ 

Separation of Palladium from the Plat mu n. M rials, bvo Schemes 
and 11, pp. ;J U and 045. 


DKTKCTION AND KSTIMATIDN .OF OSMIUHI 

Detection. d/e/r;///( osmium is eliaraeteristsl hy its volatility at 
white heat without li(|iicJae(ion, and by ilu' ])ro(hiction of volatih; and 
excessively poisonous osniium letroxide upon ignition of the Ilndy 
divided metal in air or oxvg<n. The same va[>onr is evolved when 
any osmium com|M)und is heat* J with eoneent rated nitric aeid. 

^ Filming nitric aeid and a<jua n'gia each diss(ilve the metul unicsts, 
the last named has jnvvioiisly been very strongly heab tl, in which tnifie 
it is insoluble in all acids. * • 

When heal(‘tl with jiotassiniu chloride in a eurient of chlorine, 
osmium yields the Ictraeliloride, OSCI4. . * 

livacUotus (f Sails of (hmi urn. — AW eoinponrah oi osmium arc 
reduced to the metal upon ignitioniir. hyttogen. Hydrogen sulphide 
in aeid solution effects the precipitation of brownish-ldaek osmium 
disiii|)l)idc, OsSj, wliich is insoluble in ammonium sulpliide. 

Alkalies preci})italc hydrated osmium <).n(()H) 4, as a 

brownish«!*cd mass, whilst grey anliydrous osiii?um didkide obtained 
on fusing potassium hexachlor osmatc, K/lsbl^, with sodiUm carbonate. 

Osmium tj-troxidc dissolves in water, yielding a ncytral soliiSon 
possessed of oxidising activity. For example, it oxidises ffrrous 
sulphate 4o the ferric; eondition,lxiug itiseir reduced to the dioxide and 
threw^vn out of solution in tlfe Hbiack* hvdnitcd condition, OsfOII)^ or 
OsOt.SHjlT • 

Sulphurous acid or sulphur dioxide added to the si4ution yieldiS^^ft 
series of colotir^changf s ranging from yWIow throiigh,gr* c n to bluo^ 
the last named bci: g^the colour pf osmiupi yjI])Jiiie, which theh 
separates out^ ^MeHalJic zinc effects tlie rc/l action ai*d prcci^atatjofi of 
metallic osniium from solution as aldack powder, rcadi]^ dihiinguishi|| 
find separated froiii the. allied platinmn metals in that it is soluble IK 
Hydrogett peroxid^. 

• ; A delicate colour r^'action lor osmnini consists in wuyning a sointloo 
cOfltahiin'^ the njetal, in flie form yf its lltroxide a,s ehlorosrn#c. vytJbJ 
{jfuoemrbamide ir> cxceSs, together with, fv few dro|)s of IfydrcK 
The prescifee of osmium is indicated by ih(^ development 

FoUncr and KmsJind«r^ Skit^ch. anal, Ch€m., 1915, 54 , 208. 

EULiroci*cm., 1904, IX, SSd. 

JfoMiIfA .\906, 37 , 59. *> 



^ deep rcilH)r to&«coroir^ que.i?Qxnc lormailfOn 
Yeprescnled by the formula [(jMCS(NHj)2]C]3.Il20. 
sulRcfiontJy intense Jbo enable the (ktection of one part 
innOO, 000.1 

Estimation. estimated with considerable accurV 
racy •'* by decoiTlJ)osin<r an alkali osinate with a slij'ht excess of dilute! 
sulphuric acid, in the pwsen^^e of a little alcohol to prevent rcoxidati^n. 
•After ten to twedve hours a bluish black deposit contmning the whole 
of thV OKSimuni is obtained. Tliis is» filtered |ind rcOuccd in hydrogen. 
Fremy’s mctlKxI of preeipitjiting osmium as sulphide docs not yield 
accurate results.^ 

^ When present in various eompounds or alloys, osiniiim is con- 
veniently cSlimat(‘(l by ijrnition iu a current of oxygen, collec*tion in 
, alcoholic alkali of llu; volatile tetroxide, and n chiction with formaldcr 
hyde. The reduetion product first forms a colloid, but is gradually 
precipitated and converted in inetallLc osmium by reduetion in hydrogen 
at ^80*^ to *250"' Civ the aleoholie solution may be treated with 
; animoniurn chhaide and the precipitated osnud diammine chloride 
" reduced to metal in hydrogt'n. 

> Volumetric methods liavc been suggesli'd, notably that of Klobbie,'* 
which consists in treating a solulion of osmium tetroxide in dilute 
; Sulphuric acid with ]>otassium iodide and titrating the liberaUxI iodine 
r'wiih scMlium tbiosulpbate. One molecule of osmium tetroxide liberatPs 
fouy atoms of iodine. Tlu; solution becomes dark green, but no further 
reduction takes [)hiee even after several days. 

Separation nf (hoiiuni from rutheifmm, rhodiuni, iridium and 
platinum may be efleeted by addition t>f zine or magnesium to the 
(Kilution containing these metals, whereby they are all prcei})itated as 
a black de])osU . ^ a 

Addition of hydrogen peroxide effects the solution of the osmium, 
the other metals remaining unalfeeted. The osmium may tlum be 
estimated by any ‘of the foregoing methods. 

; Separalion ttj (hmid n from Ruthenium, --The metals are pi'^eij>itatcd 
iogether Iroitt solution as snl}diides hy passage of hydrogen snlphide 
:^l|>ugh the m'idilied solution. The precipitate is dried and ignited in 
Vq platinum-boal in a current of oxygen : the ruthenium remains behind 
vas the dioxide. IfuOj, in which cmidition it is weighed, or, T desired, 
it may be rcduceii to metal by ignition In hydrogen, cooled in carbon 
dioxide, and wriglvut as ir.Ual. The osmium volatilises# as tetroxide,. 
QSO4, and is eolleeted in 1*2 per cent, sodium hydroxide solution admixed 
with 2 per cent, of alcohol. 

Addition oh ahiipiniqin-strip effects the precipitation of mctaltic 
bmium, which isVolleetcd iq an asbestos- packed tube and dried at duH 
rtii heat iu liydrogen. cooled in carlkai dioxide, and weighed. 
f Separalion nfi O.sniiiini from Osmmdium. Sec p. 810. 
tr S^aratioR if (hnnum from ihf Vlaiinuni Sec Sehem<^ 

ahd II, pp. 811 and 815. ^ 

A;T8cf?agrtpv, Compf, 1918. ^67, 235. 

f 800 hUio OrloiT. Clutn, SCdt., 30, 714 ; Rufl and Bornt'tuann, 

1010, 65. 42d. , ■ ■ 

ikKI Aiubergor, 1007, 40, 1378. 

A IClobbie, Chtm. Zenir., 1898. 11, 05. ' 


nETECTIOJf AND B3?’Y>U'ffON OE mitoTOST 

• Detection.— 3/rf<iWic Iridium, like rhwliuin. Jttin.soluble m iill i 
; sav^ that in u very finely divided condition it is slowly attacke 
aqua rcgiii. Fnsicn with potassium hydrogen suljjiliatc oxidisea 
inctal but does not effcel ds solution (eoi^irast nithrnmin and rhodmttt| 
When fused 'vith a niixtxire of potassium nitrate and hydroxide ,^ 
insoluble rcsidut* con*^ -ining the sesquioxidt^ wjth 

obtained. " • ; t 

Eeactiom of SalU' of Iridium . — Hydrogen sulphide in excess 
the precipitation of dark browu iridium ?'‘.sqMisuljdii(h\ ItoSj,. If th^ 
iridium is present in st hit ion in the tetravaliiit coiulitiv^n., jvs for exaitipS^ 
in the form of alkali chlor-iridates, M-^IrClg or 2MCi.lrCl.,, the dafk 
solution is lirst decolorised and a yellowish white precipitate of sulphUX 
‘forms in eonsequenee of the reduction of tlie iridium salt to the trivaleitl 
condition, namely, a.s IrC’la. When this hfus be en acTomplished tte 
brown sesquisulpliide is obtained. . 

Ammonium sulphide yichls tlic same preeipitate, soluble in excess* ? 
Alkali hydroxides in excess give the solutinu a green tint 
proeipitjite a lilth* double chloride. On heating the solution a, red tin^ 
develoj)s, changing to a dee]> azure blue in eonsequenco of the pre- 
Vipitalam of the hydrated di '.'fide, Ir(OlI)4. This serves to distinguish 
iridium from platinum. ^ 

Potassium eliloride and ammonium chloride prceij>italc from 
concentrated solutions their respective ehlor-irid.i.es, K IrCl^, au4 
as brownish red deposits. ‘ 

Addition of reducing agents such a.s ferrous su’plulte or staimA\^ 
chloride to solutions of the alkali ehlor-iridates nalue s them to double 
salts of iridium triebloride, immcly. JbMl l.IrCl.^ or Malrt'l,^, know!) 
generally as chlor-iridites. The solution is simultaneously decolorised# 
and the salts crystallise out on cooling. * 

Metallic zinc reduces iridium salts to the metal, vvhieh is deposited 
as a black powder from solution. 

Alcohol reduces iridic salts to the eorresponding iridous eonq)qimd$, 

Ettimaticm, Iridium inconveniently e.stimated by sgr)itingiauunQr 

nium ctlor-iridate in bydrogeft, and ^'cigbing a.s metal. To this cnef# 
•solutions containing iridiiiwi ..salts are evaporated jvith aijua reg[tai 
lUnmoniiJnKLliloride'added, and Wic cliioyridatc, J/ilk,)2lK^Io, collected 
and ignited. . • " 

Separatum jf Iridium and Quenness n * 

dissolving theVllov iti a mixture of one part by volum** of nitric aispj 
(density 1*52) ^^itll two parts of hydrocblc^ic acid {(K‘nsi|y MH) iuid 
evaporating to dryness. The rcjjWue is heated to 120 '' dissolv^ 

V yrid^cr and precipitated with magnesium. The dc]^>ftNitcd inctallw^ 
^gnitak at dull Ircijiiess to remie^ the iridium. insoluUlc, treated 
? Vdth (id sul}tliunc acid to extra<‘t the magiu sium, •and thch 
^'^Juted^aqua ^cgiA to Vx tract the j)la#innm, leaving tlie iridium ^ 
J^ihsqlublc residue. • ‘ , . • 

'Xnothcr mtJthod consists iij melting the allo^" of platinum 
witl) Wn limes jts weight of lead in a carbon 

Q\ieniie« 8 eni CMrfl. IW, 92 , 29# • 

MUttiater ftnd«(]a'V«r|^er, 


to 

digesting^ tke button thus obtained# with hot, dilute n^ric 
aSd/ The insoluble residue is thene^digested with aqua regi^,odttM^ 
with %vate]^ and the residue of iridium ewashed, ignited and weighed.* 

The iridium contcift o[ commercial j)latinum may be rapidly doter- 
hiined colorirneti;icalljN as follows: The metal is dissolved in aqua 
regia, evaporated «to dryness and taken up with eoncentrateS hydro- 
chloric acid. The coloun of The solution thus obtained is compare^ 
jWith that of a stand.arcl solution of platinum and iridium in the same 
solvent;' - ^ 

Aruilysia of (hmiridiunu^ — Osruiriuuiin, m a uuL-iy divided condition, 
is intimately mixed with foiv times its weight of sodium peroxide and 
£|ddcd to fused sodium hydroxide in a nickel crucible. On treating 
tne product With water and washing the residue with sodium hypo- 
chlorite solution, a solution is ol)taincd which holds all the osmium and 
ruthenium as alkali osmatc and rutheMate respectively, and some of 
the iridium as iriihite. 

The solution is distilled with chlorine at 70’ C\, tlie vaporised 
tetroxidcs of osmium and ruthenium being eolloeted in dilute hydro- 
chloric acid, and the metals may be separated and estimated as 
explained on page JtOS. The liquid in the (listilling-dask must be kc|)t 
alkaline to jirevent iridium also passing over as chloride willi the osmium 
and ruthenium. The residual solution e9ntaiiiing the iridium is aeidilied 
with hydrochloric acid, the residue from the fusion dissolved with it,^ 
and the iridi”*" ''‘'^“'' ited as indicated above. 


DETECTION AND ESTIMATION OF PLATINUM 

Detection . — Metidlk 'platinum isMiisoIubh* in the iiulividunl mineral 
acids, but readily dissolves in aqua rigia, yielding platinic chloride, 
PtCl4. A mixture of cliloric acid with excess of hydroelilorie acidluis 
been recommended'® as a useful solvent for platinum, the mechanism 
of the reaction dependin^S as in aqua regia, upon the liberatioh of free 
chlorine. Thus : 

i , • 51IC] IICIO 3 - 3 CI 2 -f 3TI,0. 

When present in certain allovis, platinum is dissolved by nitric acid. 
When fused 'with caustic alkalies or potassium nitrate, platinuiq is 
‘Oxidised. ^ ^ 

Platinum sponge <lissolves in boiling potassium cyanide solution. 
''Heaciiohs of Platinum SolU , — Hydrogen sulphide slowly causes the 
^deposition of a dark bi;o\vq precipitate of platinic siilphiclo, PtSg, which 
is soluble in..afiUM regia, but insoluble in nitric acid and in hydrochloric 
V separately. ' 

^ Ammonium sulphide precipitates the disulphide from solution; it 
soluble in eXccss of the vellow ammonium sululudc, yiekhng the^ 
iituosalt,(NH;)3PtS3. , v ' ' 

; Amnumium chloride produefs a yellow precipitate .of am?nonijifift 
Siphloi'-^platinate, (N IT ^^PtCIa, which is^ slightly ^lublc. in water, but 
glwiIuWe in alcohol.^, ** ^ 

‘ Mylius and Mazzucohelli, Zeihch, a^org. Cfiem,, 1914, 89 , 1. 

* LeidC and Quennessen, Compi* vend., 1903, 136 , 1399. 

* Zappi, AnalJ^Fis* Quim, A^genlina^ 1915, 3 , 68 ,/ 



pmiExmoH AOT EfmHA*n6k 

- ns of platinic'chloride yje|d a M6od-r^ c^lfr 

cMoindf unless in very dilute solution, when tne colour i§ a 
bro^. On shakinj^ with ethcr^he ci»!our is exti^eted,* Tltis reaol^l^ 
is useful since it is not given by iridium or‘pn rdijun, nor yet by 
CA' gold.* Filtor'p:ij'»T, however, gives eoloratio i treatment witli: 
aqua regia, so tliat in' testing for platinum any fiitr'r-pnper or organic 
matter of a humic nalurt* should be destroyed by fusion with pyro*j 
sulphate prior tr •e.vlraet ion witli aqua regia.* • *■ v 

Oxalic arid, ou the other hand, does not reduce platinic chloride 
although it reduces gold solutions, de])ositing metallic geld. This’ 
often affords a convenient method of separating' (he two nulals, 

Metallic platinum is precipitated from solufion.s uu its salts #by 
metallic zinc. 

Estimation. — Platinum may be estimated by acidulating the solution 
•of its salts witli hydroeliloric acid and passing hydrogen sulphide 
through the b(nlw;i li(juid. The platinum is preei))itatcd as disu1{uude, 
ignited and weiglied as metal, (ia/.e n'emnnu iuis addition of menairic 
ehloride to the solution, wlterelw tlie platinum sul|)ludo comes down 
with rnereuric sulpliide in a iiianagoable form. The latter disappears 
by volatilisation (luring ignition.® 

An obvious disadvantage lies in the fact that tlie bulk of the pre- 
%:*ipitate is increased, and of (^urse the nicreurie va])ours evolv«’d upon 
ignition are poisonous. For these reasons magncsiuni rhloridf has 
been rceomiiu ndt d, since the javsenee of this salt in solutioii assists 
precipitation of the ])latinotu sulphide, which is oUiained in r. pure 
state upon washing with acidulated water.'* * 

Platinum is convenieully estimated by almost r.^iutfalising air atid 
solution of its salts witli ammonia, and eoiicentrating until erystallisa* 
tioii sets in. Siiflieient water is uo\v added to just dissolve the crystals, 
an^ excess of saturated ammonium ehloride solution. After thorough 
mixing an excess of alcohol is added, and the whi^e allowed to stand 
for twciiity-four liours, after wlheli the precipitate o)«ainnionium chlor- 
platinatc, (Nn,)JMC’lfi, is colheled on asbesros in a (yucH)le, washed 
with 80 per cent, alcohol, and citlicr^weighcd as .such after drying, oi 
ignited in a*currcnt of hyty-ogen and weighed as metallk* ])latiiwi0i. 

I'^olytndric Methods. A useful volumetric mctliod consists in addin| 

platinic cliloridc or an alkah cbV>r-^1at inale to a fold conecntratcf 
solution •of, pot assiiwn iodide.^ irhe iodijpo lilxaated.^ according to the 
equation * 

4- IKI PM, m \ f T,, 

is estimated by t 'ration with sodium thi<»iilphate*in ihc usual way^ 
with starclf as indicator. , 

Colorometric Methods have t>cen rceoinmendctl 

The purity a sample of platinum may be chceltcd bv d^^crthlfjfr 

• • 

Wohler, Chan. ZeiL, 1907, 31*938. 

Laflgetem and ft’au'dfltx, Chm, Zeit,, 19^4, 38 , 802. 

Gaze, AjkA. Zed., 4012. 27, 950? * 

► Ivanov, J, fbiss. Chem. tSoc., 1910, 527. 

Petersdru Ze^ch. amtra. W99, 19 , 59 Oami>o,c ,, 

- See Mmgaye^/^ccordtf Scib Huney y.H, \\ak», 19C9, 8, iJ70 ; J. 1910* 

7ft. f . .. ^ 



9«e tlierfno-ielectric force or a cc^i^c consisting of the sanlpfei^ 
thomx st^dard platmurn alloy.^ , ^ ^ 

' t4 Microchemical ^Method of estimating traces of platinum ia^gpld 
md silver is describetkby van Breukeleveen.* 


COMPLETE ANALYSIS OF THE AaTINUM METALS 

A. Qualitative Analysis. — Several methods may be employed for" 
the qualiC-ativo determination of the platinum metals. The procedure 
is necessarily varied somewhat according to the nature and number of 
dther metals present. These frequently comprise gold, mercury, 
arsenic, antimony, and tin. 

Scheme I 

Ono method consists in passing hydrogen sulphide into the hot acidified 
solution of the cliloridos until no turtlior precipitation occurs. After 
washing, the precipitate is warmed with yellow amuionium .sul[)hide, 
and tlio whole filt(‘red. 

I 


The insr^dublo residue, which may contain Ru, 
Jlh, Pd and Os, is fused with KOll h KCUJ,, 
extracted with water and liiterod. 


The residue is |gnito<l in 
hydrogen and extracted 
with HNOg. The insoluble 
residue may contain Kh and 
Pd. Aqua regia is added. 


The solution is 

neutralised with 
HNO, and fd- 
tcrod. 


4ny rhodium 

^plains as an 
ihsolublo 


I A black pre- 
Tho solution cipitato of 
is ovapnrated, qxido indi- 
thoqv.sidue f cates rutho** 
dissolved in nium. 
water, almost 
noutralised with 
NiiiOO.,. A white 
precipitate on 
adding llg{ON)t 
jivlicaU's 

paPedium* 


Distil the 
filtrate with 
IINOj. Vo- 
latile O8O4 
indicates 
osmium 


•Black residue 
iridhui& 


'Pho solution may contain 
Pt.Ir and Au,oontaminaUd 
vvitli As, Sb and Sn. HCl iS* 
added and tho precipitated 
sulphides fused with Na^ 
COgj-NagNOj. Extraction 
with water removes As as 
soluble arsenate.Tlu^ n^siduo 
is reduced with Zn -f HCl. 
Boiling with H(’l dissolves 
out tho 8n. Again boiling 
with HNO3 and tartaric 
acifl removes Sb. Th% re- 
sidue is heated to dull red- 
ness to render ii^dinm in- 
soluble. Diluted aipia regia 
is added. 


The solution miy con- 
tain Pt and Au. Take to 
dryness on w".tcr-Wfi 
with excess of NH4CSV 
Treat with alcohol in 
which 1® soluble j 
•» filter. 


Platinum, if present, is 
obtainM as sponge by 
igniting the fotiduo. 

*"<• l»d. Eng. c\em., 1 «) 4 . 6, 452 ! 

282 * ' 

Breqkclevcon, frat?. 1917, 76 , 285. 


Any fold in tho filtra 

is precipitated by adt 
,tion of ferrous sulpha 
solution. A 

4 

J. Washington Adftdl ife 


sdKEjft n 

Ifylius anil Die recomm^nfl. bmlii u the soiiith* of tho mof^Uo 
chloriib'H with diluto nitric acid, and ctdlecfing^hr ywllllat© in f^xlinm 
hydu)xide solution, which t»ccomc8 ycHcw if osmu ai U i*n[*8ont, aiiiOft 
the iattcr |>asst* ' over with the sleain as volatile (i <0^. ^TIjc rosidiml 
liquid in shaken witti eth to extract any jjpid chioriih\ rnul then boiled 
with rttunumium acetato^Mul formic acid for sev< f^\! houj-s in i rtaak tilted 
with a vt'rtical condenser. The rmdalsaro nsluced a blael, [tivoipitate. 
wliich is WfVsMed. ilrl«*, ' and heatitd h' redness in hydrogen to exjud an^V*** 
ineretiry. Tie* rc'^idi; idler treat ment witli hy«lrochh<ricVdd is mixi^ 
with sodium chh'rido and ignit^nl in chlorine. ih\ dissolving fdie 
resulting product in water, ami adding jvnmffmium < Idoridc, I’l. Ir iiid 
Rii .lire pn'cipitatcd, whilst P<l ami Uh »t f \n» in .< Ui^ion. This 
separation is not quantitative, but sutlicea for qualit.iiivc an.dyWs, 


DIasolvo the precipitate io warm 'Dio filtrate is evaporated todnr- 

wutcr. Add liydroxylaiuine *and nes« \yth excess of ammonia, tho 

then Nil, <1. rcsiiluo tsken up with the mini- 

I mum amount of wunn ammonia 

i I and cook'd. 

Precipitate of am- Kvaivuatc the filt- | 

moiirum chlor nlati- rate to <lrvness. re- j - — — i 

nateconrninsplali- due- in hxdrogen. 'Ihc precipitate »'on- If % filtrate 
nam. "'iili KUl^ } sists of ammonium tains palladititkl 

^ KNO,. atul extract he.xa • chlor • rho«lite, tin- Is pmupilatod'; 

with wall r. •couiiriniiig rhodium* by IMi ftspi^ladoi*, 

! _ ammino ol^oride. 

The insoluble residue is lu-ated Distil the filtrate io a cnrt< mt 

with NaCl in ehloriiu*. Kxtra<-t of chlorine. Any rutheiliuil\ 

with water. Iridium in pr<‘ci' cscajK^s as v«)latilc UuD,. 
pitated on addition of N1i/i. 


‘ Mylius and Diet/, Jkr., IHOH. 31, Mhl. 

• This reduces the ruthenium and iridiuio to lrio!jk>ridcfl. 



I . B. QflantitadTel/Vialysi*.— A c^plete quintitatixfe aQ^^;^o£.the 
Maunum metals is a complicatccP process, and«several usefpl |c8e^es 
have bccr/suggcsted.%. Two only arc gtven here : 


Scheme I 

This is based on that cceoTninendcd by ^ellor.' It is not claborat#, 
^but yields quite good results. 


Treat wifcl! aqua regia. Fuse any insoluble residue with Na^O^, 
#ind dissolve in HCL Mix the two .solutions. Following metals 
may bo present : Ku, UTi, IM, Oh, Ir, Ft, as well as Au, Cu, Fe, Ni.* 
Distil in chlorine 


Volatile portion is 
coUooted in NaOH 
solution. Contains 

Rathenium, Os** 

Sopar<ate as 
per page 338. 


Solution contains 
Platinum, with 
merest tra«.'es of pal- 
ladium wtiich may 
be neglected. JCsti- 
mate ast per p. 3U. 


Residual solution is boiled to expel chlorine. NH 4 (^ 
and two-thirds its volume of alcohol added. 


Precipitate oontains Pt, Tr, sotuo Filtrate contains Rh, Pd, with 
Rh, and traces of PJ. Ignite Cu, Fc. Ni. Nearly neutralise 
and extract with aqua regia. with NHiOII. Add HjS. 


i_i 

Insoluble residue 
contains Rh and 
Ir. Fuse with 
KIISO 4 and ex- 
tract with water 
apd dilute H)jS 04 . 


Fil.rato contains 
Fo, Ni, and traces 
♦ of Au and Rh. 
Fvaporatc to dry- 
noss with HNO3. 
Ignite. Wash out 
Fo and Ni with 
HCl. Ignite residue 
of Au and Rh,and 


Sulphides of Ai^^ 
Cu, Pd, Rh remain 
as i)roci()itate. Di- 
gcHt with HCl. 


Hbi lasaes into solution. Residue contains oxi- 

BoilwithNaaCOj, acid- dined,, Iridium with, 
Ify with IICI, ignite luld pet^iaps, a trace of 
I ' m rhodium. Fstimate as 

[ per p. .1.30. 



Dissolve all tlueo in 
a^Ma regia. Au passes 
into solution, leaving 
Rh^ium. Estimate 
as per p. 334. 


Rcsiduo 


I 0 

Filtrate con- 
tains Pd and 
Cii.^‘ Add KCl 
and alcohol. 
Palladium 
precipitatedaf: 
KjPdCb. 


* Mollor, A Treatise on Quantitative Inorganic Analysis (drilTrti and Co., 1913). 

• From the nickel crucible Used. 





ScheAi# II 

.. xiic luiiuwjiig ^cll^:un: ui WiiTiftor ami Thiirinfi<y *is nascci on ue\;^we 
fin<T Ilcbray’s ^ classical method alrca«ly details! *jfL pr 'cedin^^ pages. 


Tho otc contairin'jr Fo, ('u» Ati, Pt, !r, Kh, r*iui !M 
is dccompostvl with aqua ivijia after :itiy parlicli.^ 
* ot All hav^ Ixaiii incchiiuieallv separated. 



Tho residue of sand, osiuiruiiutu, etc., 
IB fused with Ix^rax and inetaliie silver. 
The reaulting silver Init.tun is heatetl with 
nitric acid aiul the insohihli^ residue of 
Osmiridium Wid^hed aiui analyacjl 
(p. 3 t0). 


'Phe solution \i-' hoDetl to c.xys*^ nitric 
:u h 1, lf< jiti fl with ( hhirint •water and 
evapor t. ' ai a i< \v f: upernture to 
drviieys A little watoi ts added iinfl 
the Bolatioii sat mated with aininoniliiD 
ehhtriile. 


Tho precipitate consists of the double To the filtrate add ammonium 
ammonium chlorides of jdatinum sind oxalate, 

iridium. Ignite and widyh tlie metals. 

Treat with aqua re"ia to (Ussoh e out tho 
platinum. 


flio residue US From flie solution "le 

Iridium. platinum is precipitate*! 

as |Im‘ d nihle amimtnium 
eliloridi* which, up 'ii ig- 
nition, yields Platinum. 


Tho precipitate 

is imdaliic Gold, 
IN hieh is«**)inplete!y 
thrown <lo\vn in 
this way* 


Tt> th<' filtrate 
ad'l u I pt'P f?nt. 
•il<Mdi**litu solu- 
lion of rfime. liyi 
g1yo.xii-.»'. 


Tho precipitate consists of palla- 
dium dimethyl ^rlyoxiitie. l^mile* 
to yield melallie Palladium. 


Re*hice the solu'ion 
w^i. '/ine, and li vdro- 
chloric aeid. 

___ 1 

• 


The precipitate contains Oil, llli, and • 'Phe solution con- 
traces of Ir and Pt. Treat wilft dilute Uina Iron, 

nitric acidtfl : 1). 


Tho r sidiie iff fused with The srdulirai is cvai>**ratHl 

KH.SO, ami ^he r*eh ex- ivilh IfCI ty remove illVOg 
,, |racb <l with cime, TIFI. _ • and the C qpper ost imatprl. 


The i^sijdue cemfists of Ir and Thc% solution contaJn.s rl#). 

Pt, w’hiai mny|L)0 separated «lium Buy)hate. Aduitio'i of 

as indicaiwx above. • zimt preeipimesHhodium. 

: • • . , • . • 

Nota 1. Tim platinum obtained from tho i{?nited mixture ui liatinum and 
hy extraction with noua regia, and subsequent precipitation ns lb* double ai'mOiiT# 
Chloride, and ignition^isually contains mhiyo iridium, Tht process Ihould therefore ^ 

^^OTE SL Tlic gold thaowii out of fi<»hifion 1/ the dimethyl ply<*xlmo in usnallyijbil; 
ta&iuat^ith tratea of pl^inum. The^holc iradissolvcd in aqua and tho plattoflS 
in the tiHual wV ammonium chlofide. The gwio is tHTui prCcinifi^^ 
metallic coii<ytion with ammonimn oxalatef • 

» WunSer and T^ifHnjs^r. Z^^vK. anal. Cht>m., lOl.'l, 52, 74<C* 

* Devillc and Debray, /Inni 01 m. S6, 



APPENDIX I 


OCCUPRENCE JOF COBALT ANT) NICICEL 

ISd&all quarttitics of zaratik, an emerald green, hydrated, basic car- 
bonate of nickel, NiC 03 . 2 Ni(OH) 2 . illgO, have been found in Mill 
Close Lead Mine at Darley Dale in Derbyshire by Garnett.^ Specimens; 
of zinciferous zaratitc were also fouiul, |M)sscssod of a blue colour and 
containing cobalt, probably in the form of the liydratcd carbonate 
? known as rerningionile. This appears to be the lirst o(*casion on record 
in which minerals containing cobalt and nickel have been found in 
Groat Britain. 

Cobalt pros, namely cohaliUe and eryihrUe (s(*c pp. 19 -20), have been 
found near Selwyn, in the Cloncurry; District of Queensland.® Tljp 
ore, whilst remarkably free from nickel, is admixed with small quantities 
t)f tfCid and silver. 


API'ENDIX IT 


THE ATOMIC WEIGHTS OF TERRESTRIAL AND 
METEORIC NICKEL 

ySE fact that certain vdry stable elements, notably lead, when obtained 
teom different sources have been found to yield somewhat different 
valutas for therr atomic weights (see this Sn*ies, Vols. I and V] renders 
it desirable to' ascertain liow njany otht r stable elements exhibit the 
jfame phenomenon. A comparison of the ‘/alucs obtained with samples 
bf meteoric and terrestrial* ’^on has shown that if any sreh diffci;gnefe 
existed in the specimens, it lay well within the limit of experimental 
^rrpr.® Niw ni<'kel is a ja'rticularly interesting mct;d to examine 
^cause, as pointed out on p. 08 of this volunc, by accepting the 
yiliue 58 08 for its atomic weight we are confronted with a •difficulty;^ 
^' (Connection with the Periodic Classilicaticn of the Elements# Thfe 
i^^ji^ted atomic weight of cobalt is 58*97, a value which places tpi? 
jSfeW q/lcr nickel in Group VI 11, whereas in its |>roncrties it 

an excellent i.itcrmediary between iron and nickel and should;:^ 
l^iroforc precede the latter metah If nickel is a mixture of two i;:otQ^^ 
greater atomic weight than cobalt, and one of loss, this 

oommitnicB Jon from Mr 0. 8. Oarnett. Sec also Nai(ii% 
mi. 107,25. ‘V ■ 

Baxter and Thor\»ald8Kni, J, Amer. Cht:*% Soc., 1911, 8t7. 

1^,^1911, TO, m Bifcxtc- and Hoov«r, ibid., 1919. Bo. 2oL 
^ ^ w7. Inkmat* 0on(^ Afidied Chem,^ 1918, », 

mi 


expUia^r Baxter ijpjjl Par56n$ ' Tiave thereroi?^i4i>1f^ 
tke problem, and dctermii^jed with ^^reat adfc the atonAe 
r^imiplcs of the terrestrial and meteoric metal /respect ivel Jr, 
suits are ^ follows : — 


Nicked. 

• 

* 

Hafio 

, Ni : 0. • 

Atomic 
‘ J^ickcL 

0 - nr 

Terrestrial .... 

• 

w ~T 

6H-7(t3 

(mean of six determinations) 


• 

Meteoric .... 

S‘(Ui7H:i 

5«-685 

• (mean of three determinations) 

• 



As the authors point out, the teiulency of the niekt l oxide to occlude 
;ascs, for which a correction must be a]))>Iie(l, introduces a very slight 
ineertaiuty into the values, Bcarin" this in mind, tlie agreement 
let ween the results is fairly satisfactory, and if any diffcrc^icc existed 
i^twccn the specinions on account of isotopy, it nmst he vcgartled as 
lavinjr been within the limit of oxjHrinicntal error. Iru identallv' it 
nay be mentioned that the results substantiate those o})taine(r liy 
[lichards and Cushman in for the atomic wei^dii of nickel.* 

^ Ikvxtor and Parsons, ./. .'Imrr. ChrnK AV., 1021, 43 , iVl7, 

Sfo this volume, p, if7. ^ * 
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atiuiiir na i'.’ht , Oti 00 
(•lirmi«‘a! pmpiMtii ,•<. 20 OO 
nuiipaiiMiii u ith ii i({iui% M 17 
iinii, 7 
nii’Ki'l, 7 In 
rhodium. I I 17 

dciocl inn. 74 

cirri rodr| o>^ilii.|l. 0 1 

< Irrt r<)|\ 1 i(‘ pn ]i..ialir|i. 25 

r -1 iiiial i.ui, 7.7 

lii't'uy. 10 

► l.ila^i . lory |irrpataiinn, 20 
ml In. .70 

icrlii inn nf hydtnjrru, 2H 

ortUirrmc. 10« 

oica. 10 ^ 

passivity 7. 2f« 

pli\sii ai ; oii‘-l-»nf H. .7, 2(i-^S 

JUwprltir.s 2(i * 

pn’p;u:itioM, Oil JO 
prrKrn«-o in sun, 10 * 
py mplirrir. Jh 
’^tables i»f C'ln'pounds, lO 
nsa^;*0 

vi/atilisalio#, 4 
vl.itr, 10 • 

Ci.yit alloy . 011 07 
antms. .70 .7’ 
aiinfloiiTuni. ?>i> 

(.•jffiiuni, .7ii 
pot .> '.Kin in, o*', 
rubidium, .715 * 

.'irnmoniurli suljJiab 
pohibilify i)f .71* 
amrmmium Hiiiphitr 
• anlimnii.itn, Oti • 
antimonidirh tai 
r^-urnalrs, 0.7 
fii -<’?ii<h H. 0.'^ 

ar.-'oriiu*. 0.7 * 

.i7.f>iniifle. .70 , 
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3.^ 

flob'ilt bfiio/4S 
iRfml c**?! 74 

* bf;ri(|oFi, l4 

bromide, 42 
hromplatinate, H0() 
carbide, <»(> 

!a.rbr)tiat(‘s, b/ 

(17 

■arbonyls, (ili 
diloraife, <(”) ^ 
liyd rates, *15 
Holiibilitv, 4o 
r‘hIori<l('| 3b 
. eolDiir of, 3!) 42 
nKloropontairtndne (ddorule, 23 
nblorpiatinate, 2b5 
eldorstaunale, 74 
eliromate, bS 
double sails, HH 
ooliallie.yauide, 70 
col)altite, 51 
cupric sulphate, 55 
curn'ucy, 35 
cyatiide, OH 
(li-autiuiouid(i, 00 
(li ars(‘nide. Of 
<li-boride, 7 1 
dbcip'omab', 5H 
<li-coba||i(e, 51 
di-o\id(‘. 50 
(li'St'lodde, 57 
<li-aelouit(', 57 
(li'silicide, 72 , 

(li-sulpliide, 52 
di-tbiouate, 53 
(listrief, 10 
(IriiM's, 31 
fluoridt', 3H 
Ouosilicate, 73 
lluoalamuil**. 74 
friauce, 10. ‘?0 , 

IS 

iialitfes, 38 14 
liydroxble, 40 
hypopliosphile. 04 
iodate, 40 
iodi(l<', 43 
iotloplatinate, 302 
juetaplur iphate, 0 1 
uif’.ylxlale, ^58 
monant iuuuiide, 00 
monarsenide, (>5 
monoboride. 71 
iv.owosilieide, 72 
mo'dosulphide, 51 
monottdluride. 58 
monoxide. IS 
nickel siilphale, 55 
nitrate, 02 
nitr\d(? , 50 ' 
nit.rito, 50 
nitroeynfddes, 72 
^>rtho-arsenn'» . 05 . 
ortho-phosphate. 04* 
ortho silieate, 73 


I Ojbalt oxide, commei^ialj 20-25 

I prcpar.^»n, 20 • ‘ 

itoiTmisehmidt’s iiiV ^ 
Liebie’a method, 21 ' 

I Wohler’s nu'tliod, 20 

piirilioation, 21 25 * 

oxychloride^ 4i> 
oxyfluoride, 44 
oxvsulphide, 52 
perehltnato, 45 
perioilat^*, 47 
]ieroxid(“, 50 
phosphale.s, 01 
]ihos|diidi‘S, (»:> 04 
phoHphit.(‘s, 01 
])latiii()nit rile, 310 
polysnlphide, 52 
potassinni earbunale, 07 
nitrite. 50 
sulphate, 50 
snlpldle. 52 
pyrn-ars<‘niite, 05 
pyr«)-arseniie, 05 
nithenoeyaiiide, 153 
sebmate, 57 
sehmides, 57 
seh'iiiO'S, 57 
‘•^•s«|ui ars.'nid(>, 05 
ses(|nit)xide, 50 
hydrated, 50 
ses»jniphospliid('. 0 1 

sesijniphospbite. til 

H<'s«jnise|enid(‘, 57 
ses(|nisiilphid(“, 52 
Hes<|uili‘lbiridi'. 5H 
silieales, 73 
silieitles, 72 
st anna It', 74 
snh horide. 74 
Huh-phosphide. 03 
suh-srdi'nide, 57 
snh-siliride, 72 
sulphate, 53 
basie, 55 
sulphi^v S, 51 
su.'phile. 52 
double salts, 52 
,tel(\n ides. 58 
tellurite, 58 
tetraborate, 7 1 
t(‘traearltnnvl, 07 
tetracblor pla^t initow 2!*^? 
tetras-denide. 57 
V thiocyanate, 7 1 *’ 

double salts, 72 
tbiosuljdrate. 53 
tri-arsenid.', 05 
’ tri-e,arb<invl, (>7 < 
tri-selenite. ;'J»7 * 
ultramarine, 4H 
vitriol, 20, 54 
follow, 00 

(V)balticyani«j acid, 08 
(5ibalt ryaifides, 08 -71 
p'd'altinitrites, 5b 02 

fxirbiMintn. 0"^ 





Sr.o 


('lilori'.Ic. 4‘^ 

* linor^^liSj .., 
nilrTiH', iWi 

• .Oxl<le, ;”)(. 

57 

fiulpliate, 5 m 
snip) I Ho. 52 

IS), ^0 

’o'lalt if (‘s, 5] ^ 

^ol.alto-coltalt ic o\i(lr, 
■'/olialto-odlMlu-triiiif i iTv, 
\il),ilt()(‘yaMi<lt's. (is 
.\>l)alti)iis acid. '» 1 
'oHaltnii.^ salt'.. < ( 'nPalt 
VH'hronio. iHi 
Jonstanfan. PMl 
!'op))(‘r ]>rom]»l;!t iiialo, HOO 
clilnr plat iiiatc, 2H5 
i CMltalf snljiliato. 55 
c«il).alt icyaiiiilc, 7(> 
nickol. 7s, SO 
plal iriMcyaiiiilc, .‘521 
plaliM<aiit r itc. If 10 

nitlHMiocyaiiidr. 1.52 
t('f raclilc' plai iiiit c. 2S7 
r’lifironicKc'l. l(tl 
I'yaiiopla(iii!ifo'>. :;2(» 
j2yanoplatiiiilos, 510 
ry;in«'ji!atiTru' acitl. .‘li.’O 
(’yaru)plnl liKitis 5 1 

Dknt XT. all<iv, 2s.‘5 
|)ii'ail*(iTiylp!:itifm!i\ dicli.lnrido. 5M 
])i(‘li!r)r(!ihvtli(i\N |.la1ini« ;u id. 21*7 
ITioldorddiydicw plat iii' i!' .u id, I’SS 
f >ic}diiri va'aMpl;)l iiiir a. id. :!2(' 

( Tifldcr palladi 'US .a' id, 1 PO 
I )i(’(^i.'dl iti 'i. 5 1 
T)i('Ml);ilf, pcjif le-' t'liidr. ('t.7 

l>inir1vol plw)'<pliid<', 1 27 
1 )irii(‘k« 1 Hilicido. I 5!I 
nipIiMSLM-nr- ])l.afiniM!i dicldoridi', 51 I 
1 >ji lifniiiirii (M’Tifo.sidc. 107 
Drior.*^, ralirdt , 1^1 

KaUTMX r f^l.alt, 1!». 2(T 
Knicrald iiK'krl. 71*. SO 
Erythrino, 

Krvthrifc, IP, ‘?<k (i5 
Kimciicsiti'. 171 ^ 

rKTUioi s ffdinll ic\ a\ido. .*7 
Fisclicr's nil rite pr- 1 

.salt, 00. 70, ?5 
Folgerito. 7S. S(J 

• 

rrXTxoi.i^n M f }>!'<rp' *tiT>.^te, ‘2!»,5 
.70 SI 
. S2 
70 

lv(r.J0/ 

Gerfidurflito, 7^ so* 

Gkiuoodoto, 10 / 

Glnpirruni rldoriy lladatr IPS 
, chlorpal1adite,107. 


(i^arniorito 

Gonl^itr, ' 
OorTTi.in si 


(tliiciMipn oMorpIttiinaf;^'. 205 ' 

^ tf't . ;u*IiImt pin', iiiito. '2^ 

X 'ildsphniiiit’.s fti(‘lhnd, 25 
(iim lin's .sail Ayt 

Hxr 4 >i;i:N iplaliiiafra, 520 
nilrMplaf inat( 51 
iiiln^tl.al initt s. 5 i 1 
Manlt'iiinu*'* «»il ». 0.7 
Herren'^cliiiiiiirs nu llHal. 2*’ 
llrxalironiji.dlfitiatr.'^. 101* 

• Mexahriiiiidriilatt s. LNT 
llexabiMTu iridilps, 217 
llexalMi^n.-^'^nmlc*-. *17 
H< \;d .i> ■ jtla* Inaft - VOI 

llcx.dMMin riitlnnatf Ml* 

Hicxarhlnf irid.ili 215 
Hi‘xa< Idol it idit* s, 215 
I Iex.'i(‘ld<»r-uMiial( s. 2 1 1) 
llexaeldcr MMiiilr.M, 215 
f Irxacldnr-^jaliidalfs, 107 
I I' xat ldur ]»la! inat' s. 202 
I Icxacldiif jdatinie ;u id. 21H) 
Hixa(’ldorrli('ditc‘^ 1 lo! 
lle\.»clil<»r-i nf ln lialrs. 112 
llcxahydrcxy-plal inic .acid. 5‘M 
ll< \a if>ijiridal<*y. 217 • 

lli'xa jo<!ir'ditc‘4, 217 
II* \a-iod'>pI,af iiiali s. .502 
!l«'xa iodo-m.-itcM. 2 1 S 
H\ Oinette Pkm i V « 
liy.lro*/. n cnhali ii \m*i, i|c. fiS 
ii i<l'cvaiiidi‘. 25 1 
iii'l.itil 252 ^ 

iii'tc ^ anidc. 25.! 

• ( < f ry t ( I (iplat iftil t . .0(0 

Hv'lr.i'im )»1:0 ifincv midc. 522 

lly Iro/.aiatinn <>f ( il . 0.5 

l(\ dnixylaminc in' r \ anidc. 522 

II I M M *107 

Itnliuni ' Id irpla t inaf c, 205 ^ 

, pl:0 ii. >c\ ;uii-!c !,.22 * 

Ink. svnip.allicf c . 12, 5l 
Invar,' 1(*5 
f/n||ridafcH, 2 17 
I.dW.iid.tc , 217 

Io<i..p!at,inrdcK, 5(2 * 

f od< I J^Tf inic nr*Vl, 5<* 
l.aln-inat..^ **iH ' 

I ITnl^nn. *SV r t \ < 1 1 
idi.'-orjif i< ai "i liydrcL'i : . 

.at-ariic*\vc^.:' )»».•{. •20 
ft cinic^al prop* r' ici.. 251^ 

ffill'iid'd. 'i, 2.'5 ' 

cDiiipan.''^* (. witli c*l*all .nm I iiiiiTTn, I 
dcf.cti..n. T. 550 
cdiniaticii. 55!» • 

cvp|(»si\c. 250 
; hint orv. 25.5 • 

Ofpiirp lire, 255 , 

phv^-ical consta'if >-• .5 
|)liv«ic,a! pro}tf iti< n 257 

prcparalif'T . 25.n ^ ' * 

presenre in un. 2*15 
T>urificat%^.ri,*2.'!.5 
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Hliiim, Hcparationjroril plfttinum.mf‘tals, j 
: ur > 

of (impounds, 1." 

2 1 1 • 

\-!)la|.ilis il.ion. 4, T., 
idiiiru alloyi^, 2 1 1 
aliim.'i, 2') I 
ariial'ra!ii, - 1- 
aMiinoiiiiiiii siilphito, 251 
Idach, 2:is 
linunidf^. 2l(i 

(diloridi-a. :» 12 

cldoniif ritrs. 2511 
:VJtidd(f 251 
licl.lorid.^. LM2 
ki-oxidc, 
rolloidal, 210 
hydrated, 210 
di^<nljdia(f*, 252 
liydroMol, II, 2I1H 
iodidrs, 217 
tnofiocldorido, 212 
niOMoMnlplud(\ 250 
rnonoKi(l('. 21H 
ovy*)i'<'>»<id<\ 2 17 
phosphide, 251 
pofassiutu su^ohatf*, 250 
«0H(|ui<i\ld«', 2 IS 
".'*>¥yiis('h‘iddo, 252 
Hostjuisylphah', 251 
h‘e.s<Hd.sulphid(*, 250 
S(.’.s<mir-;ul|)hilo, 250 
t('triihrondd<‘, 217 
Ict.riU'hloridf', 2,11 
tel ra-iodide. 217 
I rihroinide, 2 10 
acid, 217 

tricldoridc, 21!t 

Iri iodide, 2 17 
tri-oxidr, 210 

Iridosinine, 20S 

Iron, c*on\ par y:oii with inaiv^nweso, 11 
nickel and etdialt , 7 
Ji’ut heidiim :\iid osniinm. 12 
]diysie.'?l ('oust ant ^ 5 
t,‘il»li' »if eojni)'>nn<l>, 10 
volatility, 1 

froti ehlorpiatiiiate jfs 7 
iotlopl'd inate, 1102' 
t,( a lacldorplatinite, l’S7 

r. 

. Iaummutk , vf, 20 , 51 

Kino’s hlne. -ISo 

Ku'^PlTuielnd, 70, so 

* K- 

LAHiaTK. 120 

Load hroniplatinate. 000 
ohlorplatinate. 205 
cohalt it‘yanide, 71 ' 
int’i'diVh ehloinihite. 254 
p»*\t aehlorhydiMv vplal inatc. 200 
plathAi'cVanide, 022 
ydatinoijitrit'^. '11 tl 
rut houoevani«le, 1 53 
ti't rahroindihytlroxyplathiato^. ^100 


Load tolrachlordihydi^xwdtitinato.^OO 
tetrachlorplatinate, 28?** 
tot ra - iodod m yd roxyplalinat o ,*10^ 

♦ thiocyanoplat inatc, 32S * 

trichlorliydroxyplatinite, 28S 
Lud»ie*8 rncithod, 21, 75 
Linti.X‘ite, 10, gO.^O, SO 
Lithium ehh)rplatinate, 205* 
nickel chloride, 1 1 1 
platinl,;yanid(‘, 320 
datinoevanidc, :f22 
platincmitrite, 310 
potassium ])latin(>cyanidc, 324 

Maonkshtm hrom])latinatc, 300 
(.•hlor])alla ’.de. lOH 
chlorpallaflit(', 107 
ohlorplatinate, 205 
cohalt it e, 51 
iodoplaiinate, 302 
osminitrite, 233 
platinncyanide, 32^ 
plat inonitrite, 310 
rutlienafe, 1 17 
t(‘traehlorplat iidt(‘, 2S7 
Maneancsi' hrompalladllc*, 11.19 
hromplat imite, 300 
(falorpalladate, lOS 
ehl<»rpalladi(e, 107 
chlorplatiiuite, 205 
iodoplul inat(', 302 
plali!ir*rdtrit(', 3|0 
ndlu'nooyardile. 153 
Man<ra.nin, lOO 
Maucherile, 7S 
Melonite, 7S, SO, 124 
Mercury iridium chlornitrito, 254 
platinocyaiiides. 323 
rut henocyatdde, 1 53 
t etra hro m di h y < I ro \ y p la t i r> a t e , 300 
tctra-iododihvdroxvplat inatc, r302 
Millcrite, 7S, SO. 110 ' 

Molybdenum nickel, 107 
Mon<l process, 21. S7 
MonoehhT.-peiitahydroxx platiiue acid, 20' 
MonOcarhonvl ]>latin\jm dieldor;* le, 313 

‘Morosonite. 78. SO, 121 

«. 

N vriTHAn alhn-.s, 'i04 
Nevyanskite, 235 
NiceoliU’, 7S SO. 120 
Ni<‘hromc, 1,00 *' 

Nickel. .SVr ri^p.TU 
atomic weight, .)C d*0 
hla' k, 70 
catalytic. 03 

Cjhc'nienl properties', 03-05 
coll , tidal, 00 i t 

commercial ?>rndnetion. S] 00 ^ 
comparison w|,th cohaU, 7-10 
* copper, 12 
, iron, 7 10 , 

palladium. 10 -IS 
A|ilatfiuim, 10-18 
detection, 134 

elect rpdeposition. 00, 100-403 



iNickcl, el^trol\'tk 

134 

■W,t.ory,7U 

laboratory ^rciiaration, HI 

ocoUision of JiY‘li'< ’L’l'iif • 

occurri iu i', TS 
orop, 7 H- S‘J • 
passivity, 7. ili!. I'" . 
plivsirni otnistanl?^. f>, b.. 

prop ‘1 ’ i« s, ' '*‘3 

pliysiob'gu aJ iU’tii'ii, bo 

pifsouco io suti, tb 
pyrophorio, *.)(> 

Koiin'cs, Si 

tabloa of foni)iC)iimls, 10. I * 

USi'H. 'bb 
volatilisation, 1 
wlnt(‘, 7S 

Nic'kcl alloys. 103 U'b 
ainido, ll?o 

aninioniuin rlili ri'lt', 1 1 \ 
chroniatc, 
sclonatc, I'-M 
sul|)liat(*, lL’3 
antinionat#, 130 
nntlinc>ni(l(\ 130 
iirscnalo. 130 
arsenides, I'Jb 
arsenite. J 3tt 

a/oiinido, li’o 

blend'’, 7S 
bbaiiii. 7b. SO 
borab’S, 131 
borides, l.'bl 
1 trass, 101 
bftnnate, 1 M 
bromide, 113 
bromplal inale. 300 
rron/rTbb. 101 
espsinm eliloritles, 1 1 3 
ehi'omate. 13.> 

Splenati , lli 1 
sulpliat", 133 
carbide*b3, bU 
•rarbtaiate, 133 
I'.arbonyl,*!? ’^1 
eblorate, 1 13 
clilori.Ii', 111 , 

cbloro^^iiinmne^^.. 
chlorprdla'I.Oo. 1^ 

clilor[)alla<lit''. 10^ 

ohlorplatiinf^e. 30.) 
chromate. 131 

basic, 131 ^ ^ 
chro^nnm. 10' ^ ^ 
cobalt -nlpliate,^ 

^obal^' ViOiide. 71 < 

CoHiiltoeyaliid^, t>S 
c^mponnds, !<'*< 

currency. • 
cyani<le, 133 ^ 

di-arsenide. 1|.0 

di-borate, bj 

di-borubY**'^ * 
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ion, ^9 


Nickel tU-c'hromat<v 1*5® 

• dibvdroxble. 110 ’ 

• \ii.o‘xide, 117 J 

»li phosphide yl^S 
«li seh*niile i*3.' 

,ii .iiipiii.i’.it’" 

ibiorith', I M* 

ll'iosyieale. 133 
lbn>st ai :i^te, 1 33 

li.did. s. llo 

In \;niit laplif S|'hal(‘, I 3S ^ 
ll\ til < IN iile. lit' • 

li\ popho.-'j'lnl 1 3S 

itidat ' # 1 1 1 

Ir. b. b:>. III. 

iodoj'lalinate, 303 

iotlide. I 1 3 

lilhinm ebba ide, 1 1 1 

iindle. s;i 

metai'lio- 1 li.itt', 13S 

inoly 1 date. 1 

moK I'dt iiiii'', lt'7 
iininant iiii'iiide. 130 
ir.onar; < i(i'b’, 13b 
niomx yani'b . 1.33 
liiotiobt »1 ide, 1 .13 
lllono^elenide. 133 
moliosllieide, 1 .13 

niolloMlIpld'b'. I I b 

monot,'l!«ni'le. 131 
nionoxide. lb' 
niii.de. IJtl 
nit I u!e, 1 3.3 
niti:t(‘, I3«i , 

o. bre. i; .. SO • 

ai.srnale. li'3' 

(.lib" j'bosjib.ate. I 'S 
1 1 1 i.o-silicidt . I 3;{ 

.ivid< s, 1 • 

jnn lilor.'d'’. 1 l.l ^ 
pei-io*b,1 "S. II ' 

|MTo\ tb« I 1 S 
- jiKoS/bat I s. 13S 
pho''|'bidrs, 13i 

' pbo.^iplnf < s. 1 3's * 

I platm"ti’:l!ile. 3lt» ^ 

^j.otiiM-inm a/oiriinb , 13-3 
el^'iiiid'’. 13 

/iiuiie. 13* 

Helenale. 131 

^Knlpbati', 133 

pvrit' s, 7^ 

r^bidirfini 'ddfa ,.te, I 1 3^ 

rhioniide, 
soleiikt 1 31 ^ 
snlpbatr, 133, 

rnlh'’m'evajiide, i r'?l 

s.alts, eob alt fiet , 1 10 
* H‘‘bn.'it<’, 121 * 

se!rni.lej33 
)#lenite, r!?3 
S'*stjniox ide, 1 1 < 

Kestjuipht ' I'liiJe. j 2S 
gCHqnisclenide, 1^’3 

Si-S<iui‘^\lpMde. 13<» 


311 
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3^2 

ickol s^iuqTiitr-llufido, 12t 

HMioidi)'!, 
ntlvtlr, SO^Vu>;'i 
H^annn.l/-, l!i3 
lo:? 

7!) • 

Mub lioriilc, l.‘VI ' 

‘■iub[>li<s]»lii<N‘, 127 
.sub-«»\i<l(', 1 I .*) 

-sub 1 2!>* 

sub siliciild, tin • 
sijl>s\ilplii'l(‘, 1 !!♦ 
snlplialir, 7K, 121 
sulpliiib.'M, 1 10 
'^Milpbib', 12(| 
l^llurid.', 121 
irllurito. 121 
l,r.t,r:ib(»ral<>, l!V1 
tcil nicarbotjyl. 
t/‘l r.irhlorj)lulinitt', 2.S7 

tot rasulpliMlc, 120 
totroxido, 1 IS 

1 20 

tbiooiu’lioti.U*' lu*\,‘unnK*ni;\lo, 132 
thiooyanato, 122 
thio-orl li<)pb(Hplui(<', 120 


107 

van.'ofiilo, 120 
vitri(»l, 121 
Ni' lo'lin, 10 (> 

NioUrliuo. 7S. SO, 120 
NiokclKt Ibo.rid.', Ill 
sitl})hato, 122 
Niok(‘l(inii*Uolio »>\i<lo. 1 17 
rtolonulo, 1 2!1 
NiokolouH ni(*k«Ti(i', 1 1 / 
Niooniol.iiu', 70, SO 
NitrocobiiU, r>'2 
Nitronk’bol, 12'> 

NilidsdoblMr riillu ir»0 

Nitrosyl broriiplatinato. 200 
ohloi’})l:itiivito. 200 
Nounioilo. 70. SO 

()(’TAV0^. l/nv of. 2 
Orfooji Troooss, S7 

(Ismatos, 220 

Osjuunnio aoiil, 221 
':)sn»io acid, 220 
Osiniobb'vidos. 210 

232 

0.sin*uidi\nu, 20S 
analysis nf, 210 
Os[i\is\ilpbilos, 2;)0 
Osmoohlorido'^, 21 "> 

Osint>*^\ Yiio a id, 222 
O^nnx'V aT» idos, 23'.s 
OsnVi*fim. ('hap. VIT 
atoiuit woisih'^jlk 210 212 
catalytic' aotivdy. 2 lO 
oluMnioal proportion, 1*00 


\ inopyropiiospiiai i ...i 
J.hio[)yrophospliit 1 20 
ilphalc, 121 
triphosphido. 1 2H 


Osmium, colloidal, 210 , 
comparftoiy^lh iron alK^'urnf'tipm, 12 
dotoction, ifTn 
• c.slimation, 338 
history, 208 
ooourronoo^ 20S 
physical coy stints, 5 
properties, 200 
pr<‘panition. 20S 

I’ooovf'ry of, 200^ 

si^jaration fro n platinum metals, 2 12-310 
' tal>h‘ ofVoiuponiuU, 13 
uses, 212 

Ostninni alloys, 212 
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rfalMlit.iit('a,*270 
Miilil('llu!id(', 308 
sidpliatc, 307 
.siilpliid(‘S, 308 
8idpl)it.r, 307 
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l*nrpi‘siU% 174 

I’otassiiiin }if|uobroniiad’ .''nato, 144 
a(|iiorldor rntlu'nal^., I 13 
hariinn ostnouvanidi’, 231 
[»lalinot*Y>anid<^‘. 321 
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broinrufnrnab'. 141 
ln*<.innitlu*r)d«', 1 1 1 
oabduin plal inofyanid,p, 321 
fblor-iridato, 245 
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osjn'H'yaiiid*'. 233 
(»sr)u 1 bromide, 225 
<*ld()ride, 22 1 

nitril.(% 225 
oxyeliloride, 227 
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